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PRBFACB 

1.  Th.  geneiiM  problem  of  eimluating  tha  present  and  prospeetiw 
eoonomle  deTelopnent  of  Colianbia  River  Basin  requires  a  review  of  the 
resouroes  of  the  basin  and  of  the  nuirkets  for  both  the  raw  materials  and 
for  the  manufactured  products  to  be  derived  from  those  resources.  Thus 
an  analysis  of  need  for  development  of  hydroelectric  resources,  one  of 
the  most  important  Columbia  Basin  assets,  requires  a  study  of  the  markets 
for  electrical  po„er.  Inasmuch  as  the  Bonneville  Power  Administration  i« 
authorised  by  law  to  dispose  of  powsr  genentted  at  BonnevUle  and  &mnd 
Coulee  DMis,  the  major  existing  Fsderal  generating  plants  in  Colissbia 
RiTer  Basin,  and  because  in  conjunction  with  the  discharge  of  its  assigned 
responsibilities,  that  Administration  had  acquired  the  experienced  per.«». 
a.1  necessary  for  analysing  power  markets,  the  Corps  of  Engineers  request- 
ed that  the  Administration  prepare  a  report  on  the  existing  and  potential 
market  for  electric  power  in  the  basin  and  contiguous  areas.  That  mport, 
"Power  Ifeirkets  and  Developments  in  the  Pacific  Northwest"  has  been  re- 
produced  as  Appendix  N. 

2.  As  desired  by  the  Corps  of  ESngineers,  tiie  BonnevUle  Power 
Administration  consulted  with  numerous  Federal  and  State  agencies  during 
preparation  of  their  report,  taking  the  views  of  those  agencies  into 
account  insofar  as  possible.  In  preparation  for  the  Review  Report,  the 
Corps  of  Engineers  also  sponsored  a  series  of  semi-foiml  technical 
oonferences  dealing  with  and  coordinating  the  several  phases  of  the  power 
study.  These  conferences  were  participated  in  by  representatives  of  the 
Bonneville  Power  Administration,  the  Bureau  of  Reclamation,  the  Fbdaml 


,^X 


Po«9r  CODBiiisslQiiif  and  the  Corps  of  Eaglneers,  and  luoh  partlelpatlon  aidod 
in  ooordinating  propaxmtion  of  drafts  by  th»  ▲dministration.  Drafts  of 
th0  market  studios  noro  distributed  >y  the  Bonneville  Power  Administration 
to  the  appropriate  agenoies  or  oontributors  to  the  report  for  review  and 
eonnent  prior  to  assembly  and  submission  of  the  final  report  to  the  Corps 
of  Bngineere* 

3*  The  BonnoTllle  Power  Administration  extimate  of  I96O  power 
requirements «  idiioh  is  the  result  of  a  thorough  Northwest  industrial 
survey^  gites  a  imte  of  load  growth  equal  to  approximately  10  peroent 
oompounded  annually*  Inasmuch  as  the  load  growth  from  I9I4O  through  19U7 
was  at  the  rate  of  I6  peroent  eompounded  annially,  their  estimate  is  not 
out  of  line  with  reoent  eaqperienoe. 

k»    At  the  invitation  of  the  Corps  of  Engineers «  and  under  authority 
granted  by  the  Federal  Power  Aot,  the  federal  Power  Coomdssion  )xlb   reviewed 
the  study  by  Bonneville  Power  Administration  and  at  the  sams  tine  has  imde 
an  independent  survey  of  tfas  power  markets  in  the  Colunibia  River  Basin. 
Detailed  comments  of  the  Federal  Power  Commission  on  the  Bonneville  Power 
Administration  power  market  study  and  the  independent  evaluation  of  the 
pomr  market  are  contained  in  the  report  entitled «  **Beview  of  the  Bonne- 
ville Power  Administration  Report  on  Power  Markets  and  Developments  in 
the  Pacific  Northwest",  which  has  been  reproduced  herewith  as  Appendix  S. 
The  load  estimates  prepared  by  the  two  agencies  differ  considerably* 
According  to  the  Federal  Power  Cosmnission  estimate  of  energy  and  peak 
power  requirements,  the  load  which  the  Bonneville  Power  Administration 
estimates  for  i960  might  not  occur  until  1970* 
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5*  The  primary  reason  for  the  difference  between  the  two  estimates 
is  readily  apparent*  The  Faderal  Power  Commission  estimate  of  future 
power  market  requirements  has  been  made  contingent  upon  the  amount  of  new 
generation  both  Fsderal  and  non-FBderal,  which  the  Ccxnmission  estimated 
would  be  available  by  I960*  On  the  other  hand,  the  Bonneville  Power 
Administration  assumed  load  growth  in  accordance  with  demands  of  the  region 
and  not  restricted  by  lack  of  adequate  power  supply*  The  magnitude  of  the 
load  actually  realized  will«  of  course ^  be  dependent  upon  the  generating 
capacity  available*  The  Bonneville  Power  Administration  made  no  effort 
to  evaluate  this  factor,  considering  it  beyond  the  scope  of  a  market 
report* 

6*  The  main  qualification  imposed  on  the  findings  of  the  Bonneville 
Power  Administration  by  the  approach  of  the  Federal  Power  Commission  is 
recognized  in  the  findings  of  the  "Review  Report  on  Columbia  River  and 
Tributaries",  wherein  a  primary  objective  of  the  Main  Control  Plan,  as 
recommended,  is  to  provide  sufficient  Fsderal  generating  capacity  to  meet 
the  peak  load  of  about  10,000,000  kilowatts  expected  between  I960  and  I970 
on  the  Fsderal  system* 
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INTRODUCTION 


This  report  presents  the  results  of  a  review  of  the  BonneTille 
Power  Administration  report  entitled,  'Power  Markets  and  Developments  in 
the  Pacific  Northwest."  The  B.P.A.  prepared  its  report  at  the  request  of 
the  Department  of  the  Army,  Corps  of  Engineers;  the  latter,  in  turn,  re- 
quested the  Federal  Power  Commission  to  review  the  Bonneville  study. 

The  Bonneville  report  consists  of  12  chapters  as  follows t 

I  -  Introduction 
II  -  Summary 
III  -  Light  Metals  Industries 
IV  -  Ferrous  Metals  and  Related  Industries 
V  -  Nonferrous  Metals  Industries 
VI  -  Nonmetallic  Industries 
VII  -  Electrochemical  Industries 
VIII  -  Forest  and  Forest  Products  Industries 
IX  -  Agriculture  and  Food  Processing 
X  -  Railway  Electrification 
XI  -  Domestic  Power  Requirements  -  Urban  and  Rural 
XII  -  Commercial,  Small  Industrial,  Irrigation,  Space 
Heating,  and  Miscellaneous  Electric  Requirements 

The  report  is  detailed  and  therefore  voluminous,  containing 
approximately  1,1450  pages.   In  the  review  of  this  report  it  was  believed 
necessary  to  (1)  summarize  the  B.P.A.  report  to  show  the  estimated  re- 
quirements and  the  basis  for  the  estimates;  (2)  prepare  an  independent 
estimate  of  future  loads;  and  (3)  compare  the  two  estimates  and  discuss 
the  reasons  for  any  major  differences. 


parts  t 


This  review  report  is  therefore  divided  into  the  following 


Part  I  -  Brief  resume  of  B.P.A.  report  showing  the  I96O  load  esti- 
mates and  the  principal  assumptions  upon  which  these  estimates  are  based. 

Part  II  -  Load  estimates  made  by  F.P.C. 

Part  III  -  Comparison  of  B.P.A.  and  F.P.C.  estimates,  together  with 
conclusions  of  the  F.P.C.  staff  as  to  the  reasonableness  of  the  B.P.A. 
estimates. 

In  preparing  the  summary  for  Part  I  the  greatest  emphasis  , 
given  to  those  chapters  that  develop  the  estimates  for  the  principal 
loads.  The  length  or  detail  of  the  summary  for  any  particular  chapter  is 
not  therefore  an  indication  of  the  space  allotted  to  it  in  the  B.P.A. 
report. 
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In  making  the  load  estimates  shown  in  Part  II  advantage  was 
taken  of  much  of  the  statistical  and  factual  data  collected  by  B.P.A. 
The  Administration's  engineers  and  economists  have  cooperated  with  the 
?•?•€•  staff  in  every  way  requested  and  have  been  most  helpful  in  ex- 
plaining the  basis  for  their  estimates • 
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SUMMARY 


The  geographical  area  considered  by  B.P,A.  as  a  market  for 
generation  from  hydroelectric  plants  in  the  Columbia  River  Basin  includes 
all  of  the  states  of  Washington,  Oregon  and  Idaho,  and  11  coxmties  in 
western  Montana.  The  market  area  considered  in  the  F.P.C.  load  eatimat«t 
includes  these  three  states  and  nine  counties  in  western  Montana,  omitting 
Silver  Bow  and  Deer  Lodge  counties.  These  two  counties  include  the  mining 
and  manufacturing  activities  of  the  Anaconda  Copper  Company  located  in  th« 
vicinity  of  Butte  and  Anaconda, 

The  inclusion  of  nine  instead  of  eleven  counties  for  the  FJ».C, 
estimate  in  Montana  was  made  in  order  to  utilise  data  from  a  previous 
study.  Therefore,  exact  comparisons  cannot  be  made  between  F.P.C,  mrd 
B,P.A,  estimates  for  the  entire  region.  However,  exact  comparisons  ar« 
made  for  the  state  of  Viashington,  Oregon  and  Idaho, 

In  making  i960  estimates  of  the  region's  power  requirements, 
B.P.A.  has  analyzed  the  markets  for  power  in  (l)  electro-process  and  other 
large  industries  1  (2)  forest  and  forest  product  industries;  (3)  agriculture 
and  food  processing  industries;  {h)   railroad  electrification;  (5)  homes 
and  farms;  and  (6)  commercial  and  small  industrial  establishments.  In 
analyzing  the  I96O  power  requirements  a  maximum  and  minimum  estimate  was 
made  for  the  first  three  aforementioned  groups.  The  minimums  in  general 
reflect  estimates  of  expected  requirements  assuming^  the  continuation  of 
past  trends  and  the  completion  of  known  plans.  The  maximums  generally 
reflect  potential  power  requirements  assuming  that  policies  of  the  federal 
government  and  industry  will  encourage  the  most  rapid  development  of  power 
resources  in  the  area.  In  the  case  of  home  and  farm,  commercial,  and 
other  small  industrial  power  requirements,  a  single  figure  is  used. 

In  order  to  check  the  reasonableness  of  B.P.A.'s  estimates,  an 
independent  study  was  made  of  the  i960  requirements.  An  analysis  was 
made  of  (l)  the  past  and  future  trends  of  population;  (2)  past  and  prob- 
able future  use  of  farm,  residential,  and  commercial  customers;  (3)  the 
industrial  energy  consumption  trends  modified  by  the  anticipated  develop. 
ment  of  the  region's  natural  resources  and  economic  activities;  and  (u) 
other  factors  that  might  affect  the  power  requirements  of  the  region. 

The  comparison  between  the  I96O  loads  as  estimated  by  F.P.C.  and 
the  B.P.A,  adopted  estimates  as  well  as  their  minimum  and  maximum  estimates 
for  the  Pacific  Northwest  Region  and  for  the  states  of  Washington,  Oregon, 
and  Idaho  are  shown  in  Part  III  of  this  report.  For  the  states  of 
Washington,  Oregon,  and  Idaho,  the  B.P.A.  minimum  estimate  of  energy  rs- 
quirements  exceeds  the  F.P.C.  estimate  by  about  I9  billion  kilowatt-hours 
and  the  B.P.A.  adopted  estimate  exceeds  the  F.P.C.  estimate  by  over  30   * 
billion  kilowatt-hours.  The  major  differences  are  in  the  commercial  and 
industrial  classification,  particularly  in  the  aluminum  industry. 


thcto  differences  result  in  part  from  difference a  in  appro a(^ 
and  in  part  from  differences  of  opinion  concerning  the  interpretation  and 
the  probable  effects  of  certain  current  trends*  The  B,P«A«  analysed 
potential  markets  nithout  reference  to  the  availability  of  generating 
oapaoity  and  nithout  alloirance  for  a  business  depression*  It  also  assumes 
that  federal  powsr  in  the  Nbrthnest  will  maintain  its  relative  cost  with 
respect  to  alternative  sources*  The  F*P«C*  staff  estimates  have  taken 
into  account  the  practical  effect  of  present  and  prospective  limitations 
of  power  supply*  F.P*C*  also  points  out  that  costs  of  additions  of  major 
plants  in  the  federal  system  do  not  differ  greatly  from  costs  of  gen- 
erating an  equivalent  amount  of  power  in  fuel-electric  plants  located 
near  the  natural  gas  fields  on  the  Gulf  Gbast* 

B»P»A«*8  estimate  for  oomnercial  use  is  about  88  percent  higher 
than  the  P*P«C*  estimate*  This  difference  is  due  in  part  to  the  different 
interpretations  placed  on  this  classification*  B«P«ji«  starts  with  a  base 
of  2*01  billion  kilowatt-hours  in  19U6  whereas  F«P*C*  uses  1*6?  billion 
kilowatt-hours*  The  following  tabulation  shows  for  the  states  of 
Washington,  Oregony  and  Idaho,  the  difference  between  the  two  estimates t 


Number  of  Customers 
Use  per  Customer  (Kwh) 
Total  Use  (Million  Kwh) 


B*P*A. 

Estimate 

257.6140 
7,082 


F.P.C, 
Estimate 

187,670 

20,068 

5.766 


Difference 
Between 
B*P*A*   and  F*P«C« 
Estimate 

69.970 
7.1*20 
3.316 


In  the  industrial  classification  the  F«P*C*  estimate  is  in 
general  agreement  with  the  minimum  estimate  made  by  B*P.A«  with  the  ex- 
ception of  the  aluminum  industry* 

In  I9I46  the  Pacific  Northwest  produced  ll|8,000  tons  of  primary 
aluminum,  or  36*1  percent  of  the  total  production  in  the  United  States* 
During  I9I48  the  region  has  been  producing  at  a  rate  which  is  about  90 
percent  higher  than  the  19146  rate*  This  level  of  production  is  almost 
Identical  with  the  region's  presently  operable  capacity  and  has  been 
possible  \mder  a  special  short-term  power  contract*  Looking  to  the 
future,  B*P*A*  estimates  that  the  region's  I96O  production  could  be  from 
323  to  I486  percent  greater  than  the  I9I48  production  rate  on  the  basis  of 
their  minimum  and  maximum  estimate* 


The  next  five  to  seven  years  will  be  critical  ones  for  the 
aluminum  Industry,  as  it  is  believed  that  during  this  period  the  industry 
will  have  to  expand  very  rapidly  if  it  is  to  realize  its  feasible  I96O 
market*  In  view  of  the  presently  plaiuied  installation  of  hydroelectric 
generating  plants.  It  seems  probable  that  the  growth  of  the  Northwest's 
aluminum  Industry  between  now  and  I955  will  be  retarded*  It  is  likely 


that  during  this  period  the  greater  part  of  whatever  capacity  is  added  to 
the  industry's  present  total,  will  bo  located  outside  the  Northwest* 
However,  assuming  that  power  will  be  available  in  the  region  after  1955. 
the  greater  part  of  the  aluminum  capacity  to  be  built  between  then  and 
i960  may  be  located  in  the  Pacific  Northwest*   In  view  of  this,  it  is 
estimated  that  the  region's  aluminum  industry  will  utilize  somewhat  less 
than  12  billion  kilowatt- hours  in  I96O* 


CONCLUSIONS 


PART  I  •  SUMMARY  OF  B.P.A.  REPORT 


II 


A,   It  is  the  opinion  of  the  P.P.C,  staff  that  the  B.P.A.  estimates  of 
i960  power  requirements  of  domestic,  small  industrial,  irrigation, 
street  lighting,  and  miscellaneous  are  reasonable.   Its  minimum 
estimate  for  large  industrial  requirements  excluding  aluminum  checks 
closely  with  estimates  made  by  the  F.P.C.  staff. 

B«   Bonneville's  commercial  estimate  is  about  88  percent  higher  than 
F.P.C. *8.   Its  adopted  estimate  for  total  industrial  requirements 
excluding  aluminum  for  the  states  of  Washington,  Oregon,  and  Idaho 
is  about  57  percent  high  in  comparison  with  the  F.P.C.  estimates. 

C«  The  B.P.A.  estimates  the  national  I96O  aluminum  requirements  between 
],696  and  2,679  thousand  tons.  Recently  the  aluminum  industry  has 
collectively  estimated  that  the  market  for  aluminum  in  the  next 
decade  would  be  from  1,500  thousand  to  1,700  thousand  tons.   If 
allowance  is  made  for  roughly  200  thousand  to  300  thousand  tons  of 
aluminum  scrap,  the  requirements  for  primary  aluminum  would  then  be 
from  1,200  thousand  to  IjiiOO  thousand  tons.   It  is  the  conclusion 
of  the  Federal  Power  Commission  staff  that  the  adoption  of  a  figure 
of  1,200  thousand  tons  production  of  primary  aluminum  by  I96O  would 
be  reasonable. 

D.  Because  of  the  foregoing,  the  total  energy  requirements  estimated 
for  the  three  states  is  almost  31  billion  kilowatt-hours  higher  in 
the  B.P.A.  report  than  in  the  F.P.C,  report.   It  should  be  noted 
however  that  B.P.A. *s  estimates  are  for  requirements  without  re- 
ference to  power  supply  whereas  F.P.C,  in  estimating  power  require- 
ments for  aluminum  reduction,  has  given  consideration  to  the  possible 
effect  of  deficiencies  in  present  and   prospective  power  supply  both 
from  a  regional  and  national  standpoint. 

E.  Although  the  3.  P.  A.  estimate  of  I960  requirements  considerably  ex- 
ceeds the  F.P.C.  estimate,  it  should  be  pointed  out  that  the  need 
for  increasing  the  region*s  power  supply  is  urgent.  The  present  load 
of  the  region  has  overtaken  the  power  supply,  and  the  rate  at  which 
new  generating  capacity  is  being  added  is  hardly  sufficient  to  keep 
pace  with  load  growth.  Without  any  increase  in  the  power  supplied 
the  aluminum  industry  above  that  now  available,  the  region  faces 

the  danger  of  an  acute  power  shortage  during  any  year  that  adverse 
stream-flow  conditions  may  prevail.   Therefore,  the  rate  of  installa- 
tion of  new  generating  capacity  should  be  accelerated  in  order  to 
assure  a  sufficient  power  supply  to  serve  the  normal  load  growth 
in  the  Pacific  Northwest. 


•  ? 
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Chapter  I  -  Introduction 


Purpose 

The  Bonneville  Power  Administration's  report  gives  the  outlook 
for  power  markets  and  related  developments  in  the  Pacific  Northwest  by 
i960.  It  was  prepared  for  the  Corps  of  Engineer,  7»ar  Department,  at  its 
request,  to  be  incorporated  as  part  of  their  comprehensive  review  report 
on  the  Columbia  River  and  tributaries. 

Scope 

The  geographical  area  considered  as  a  market  for  generation  froa 
hydroelectric  plants  in  the  Columbia  River  Basin  includes  all  of  the  states 
of  Yiashington,  Oregon,  and  Idaho,  and  the  portion  of  Montana  west  of  the 
Continental  Divide.  VJithin  this  area  the  markets  analysed  consist  of  (l) 
electro-prooass  and  other  large  industries  1  (2)  forest  and  forest  product 
industries!  (j)  agriculture  and  food  processing  industries;  iU)   railroad 
electrification J  (5)  home  and  farmj  and  (6)  commercial  and  small  industrial 
markets • 

Methods 

The  basic  method  underlying  the  Bonneville  report  has  been  Um 
analysis  of  factors  and  opportunities  affecting  the  power  consumption 
outlook  in  individual  fields  with  the  year  I960  selected  as  a  point  of 
future  reference.  A  maximum  and  minimum  estimate  has  oeen  made  for  the 
first  three  of  the  aforementioned  market  groups,  and  are  shown  in  the 
following  tabulations! 

Forest  and  Forest  Product  Industries 

Estimated  Power  Requirements  in  I96O 
(1,000  KtAi)  (Kilowatts)  1/ 


Consuming  Operations 


Total 


Sawmills  (rough  lumber 

and  mill  work)  787,020 

Plywood  mills  115,600 

Pulp  mills  817,700 

Paper  mills  595,000 

Other,  including  furniture, 
chemical  and  other  secondary 
manufacture  62,5^7 


Minimum    Maximum 


2.377,667     3,697,811 


Minimum 


Maximum 


1,008,987 

18li,285 

1,272,000 

1,11*7,000 


85.559 


691,733  1.016,796 

362,50li  1465,568 

37.697  60,112 

155.578  2li2,oo6 

113,205  218,228 


22,71^  30,882 
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Agriculture  Food  Processing  Industry 


Prooessinfe  Industry 


Estimated  Power  Consumption  in 
i960  (millions  of  kilowatt-hours) 
Minimum         Maximum 


Total 


Milk  processing 
Meat  dressing  and  curing 
Flour  milling 
Sugar  manufacture 
Other  agricultural  products 
processing 


230 

76 
60 
60 

88 


5U5 

66 
53 

96 


In  summarizing  the  power  figures  for  the  above  industries,  a 
single  estimate  has  been  taken  by  the  Bonneville  Power  Administration 
between  the  minimums  and  the  maximums*  The  minimums  in  general  reflect 
estimates  of  expected  requirements  assxjoning  the  continuation  of  past 
trends  and  oonsummation  of  known  plains*  The  maximums  generally  reflect 
potential  power  requirements  assuming  that  policies  of  the  federal  govern* 
ment  and  industry  will  encourage  the  most  rapid  development  of  power 
resources  and  industry  in  the  Pacific  Northwest*  In  the  case  of  domestio 
and  other  power  requirements,  a  single  figure  is  used* 
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Chapter  II  -  Power  Load  in  the  Region 

In  appraising  the  future  market  for  elctric  power  in  the 
Pacific  Ncrthwest,  the  B.P^,  makes  use  of  two  significant  characteristics 
of  the  power  markets  in  -his  region  which  differentiate  them  from  power 
markets  of  the  rest  of  the  country.  First,  the  cost  of  power  to  ultimate 
consigners  of  the  Pacific  Northwest  has  for  many  years  been  lower  than  for 
any  other  large  region  of  the  United  States.  Second,  the  per  capita  use 
of  electricity  has  been  higher  for  this  region  than  for  the  remainder  of 
the  United  States*  These  two  facts  are  indicated  in  the  following  tabu- 
lations s 

ATerage  Revenue  per  Kilowatt-hour  (Cents) 

Yeer  United  States     Pacific  Northwest 


I9I1O 
I9I46 


2.06 

1.61 


1.35 

0.99 


Per  Capita  Sales  of  Eleetrieity  (Kilowatt -hours) 


1930 

19140 
I9I46 


609 

899 

1,512 


1.135 
1,550 
3,512 


The  growth  of  sales  of  energy  to  ultimate  consumers  increased 
from  li,620  million  kilowatt-hours  in  I937  to  ll;,626  million  kilowatt- 
hours  in  19iiU»  when  sales  reached  their  peak*  Nineteen  forty-six  sales 
decreased  to  12,551  million  kilowatt-hours,  mainly  due  to  the  closing 
down  of  four  of  the  six  aluminum  plants  in  the  region,  upon  termination 
of  hostilities* 

In  estimating  the  probable  power  requirements  of  the  region  for 
i960,  B«P*A»  estimates  were  made  on  the  basis  that  adequate  power  supply 
would  be  available  for  all  potential  requirements*  In  the  Bonneville 
report  it  has  been  assumed  that  it  would  be  possible  to  construct  addi- 
tional generating  capacity  during  the  intervening  period  at  a  sufficiently 
rapid  rate  to  meet  the  requiremencs  of  the  region.  (It  is  stated  however, 
that  for  a  eonsiderable  number  of  years  the  electric  requirements  will  be 
limited  by  the  available  power  supply.)  It  h&s  also  been  assumed  that 
the  region  will  not  experience  a  serious  economic  depression  during  this 
period.  It  is  brought  out  that  a  depression  would  not  alter  the  mag- 
nitude of  the  estimated  loads  but  would  change  the  timing.  Similarly,  no 
cognisance  of  the  possibility  of  the  United  States  becoming  a  participant 
in  another  war  has  been  taken  into  consideration. 

Following  is  shown  a  tabulation  indicating  the  Bonneville 
estimates  of  growth  in  power  requirements  for  the  entire  region,  by  I96O, 
as  compared  with  the  requirements  in  19i|6« 
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In  addition  to  the  data  shown  on  the  preceding  tabulation  this 
chapter  presents  tables  showing;  the  actual  power  requirements,  by  use 
classifications,  for  19i46  and  19i47.  and  estimated  requirments  for  each 
year  through  I960.   These  data  are  presented  by  load  areas.   The  following 
tabulation  shows  the  actual  I9I46  use  (as  shown  in  the  Bonneville  report) 
by  Areas,  together  with  that  estimated  for  I960,  This  includes  generation 
by  industries  for  own  use. 

Energy  Requirerrents  -  Million  Kwh 

191*6  I960 

38,890 
11,172 

17.233 
1.332 
1.278 

1.673 
I.8I48 


Western  Washington 

8,032 

Eastern  Washinprton 

2.558 

Western  Oregon 

3.1ii8 

Eastern  Oregon 

121 

Northern   Idaho 

615 

Southern  Idaho 

735 

Western  Montana 

889 

Total  Pacific  Northwest 


16,378 


76,2476 


It  is  pointed  out  in  the  report  that  hydroelectric  energy  is 
the  base  for  industrialization  in  the  region  and  that  because  of  the 
rapidly  diminishing  supply  of  waste  wood,  the  high  costs  of  Utah  coal  and 
California  oil,  and  the  absence  of  natural  gas,  an  ever  increasing  pro- 
portion of  the  region's  energy  requirements  must  be  supplied  from  hydroe- 
lectric sources. 
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Chapter  III  -  Light  Metals  Industries 


Expansion  of  the  aluminum  industry  since  1939  has  been  respon- 
sible for  much  of  the  growth  of  power  requirements  in  the  Pacific  North- 
west. Aluminum  reduction  capacity  in  the  region  is  now  632,000,000 
pounds  per  year,  or  1+6  percent  of  19U7  national  capacity.   Of  five  re- 
duction plants  and  one  rolling  mill  operating  during  the  war,  three 
reduction  plants  and  the  mill  were  in  operation  in  June  19147.  while  the 
other  two  plants  are  scheduled  to  reopen  in  19U7  and  I9I48.  The  one 
magnesium  plant  that  operated  during  the  war  is  now  closed,  but  held  in 
stand-by  for  national  defense. 

Aluminum  is  enjoying  the  largest  relative .postwar  expansion  of 
any  of  the  principal  metals.  The  production  increase  from  1939  to  April 
19ii7  has  been  four-fold. 

The  peacetime  year  of  largest  domestic  production  of  primary 
aluminum  was  1939  when  nearly  16/4,000  short  tons  were  produced  in  the 
Nation,  The  war  program  expanded  the  national  production  to  a  peak  of 
920,000  tons  in  19l43«   Cancellation  of  war  orders  caused  a  sharp  cutback 
to  i4lO,000  tons  in  I9I46,  but  rapid  expeuision  of  markets  and  reopening  of 
government  plants  increased  production  to  the  rate  of  565.000  tons 
annually  by  April  191*7 .  I42  percent  of  which  was  contributed  by  the  Morth- 
west, 

B,P.A.  estimates  that  power  requirements  of  the  aluminum 
industry  in  the  Pacific  Northwest  by  I960  will  be  between  2.8  and  l*,! 
million  kilowatts  as  compared  with  a  peak  wartime  demand  of  686,00  kilo- 
wats.  This  large  increase  is  based  on  the  following  facts  and  assumptions t 

Facts  About  the  Aluminum  Industry 


1. 
2. 


3. 


I4. 


5. 


Eight  to  ten  kilowatt-hours  used  per  pound  of  metal  produced* 
Soderberg  plants  (electrodes  continuously  replenished)  may 
consist  of  120  cells  having  annual  capacity  of  20  million  pounds* 
Each  cell  takes  32,000  eunperes  and  produces  5OO  pounds  in  twenty- 
four  hours. 

Plants  using  prebaked  electrodes  consist  of  128  cells  having 
€uinual  capacity  of  32  to  36  million  pounds.   Each  cell  takes 
52,000  amperes  and  produces  800  pounds  in  twenty-four  hours. 
In  the  Pacific  Northwest  there  are  two  Soderberg  plants  with 
annual  capacity  of  102  million  pounds  and  three  prebaked 
electrode  plants  with  annual  capacity  of  530  million  pounds. 
Total  Pacific  Northwest  capacity  is  632  million  pounds. 
Each  short  ton  of  aluminum  requires  approximately  the  following 
raw  materials t 


Alumina 

Carbon  electrodes 


-  3800  -  I4OOO  lbs 

-  1200  -   1600  lbs 
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6. 


8. 
9. 

10. 

13. 


Ill* 


15  • 


Cryolite  -  50  lb» 

Aluminum  fluoride   -  70  lbs 

Present  capacity  of  aluminum  industry  in  Pacific  Horthwest  re- 
quires 5,700  million  kilowatt-hours,  or  670,000  kilowatts  at  98 
percent  load  factor.  Rolling  mill  would  require  an  additional 
50,000  kilowatts. 

The  four  alumina  plants  in  this  country  are  located  near  or  in 
the  South  in  order  to  be  near  bauxite  deposits  of  Arkansas  or 
imports  from  South  America. 

Freight  costs  from  alumina  plants  to  the  Northwest  is  (April 
19li7)  18.36  per  short  ton. 

Northwest  could  supply  an  alumina  plant  with  ore  and  lime,  but 
not  soda  ash.  This  would  have  to  come  from  Green  ^iver, 
Wyoming,  a  distance  of  970  rail  miles.  Lime  would  have  to  be 
obtained  from  islemds  800  miles  by  boat  north  of  Seattle. 
Costs  of  producing  pig  aluminum  at  various  points  in  the  Nation 
vary  from  7*555  "to  10.531  cents  per  pound. 
In  addition  to  production  costs  the  Pacific  Northwest  plants 
would  have  to  pay  up  to  0.3  cents  more  per  pound  than  the  costs 
from  competing  plants  for  delivery  of  metal  to  Eastern  markets* 
Alumina  costs  amount  to  between  32  and  iil  percent  of  total  cost. 
Power  costs  range  between  17  and  26  percent  of  total  cost. 
Primary  aluminum  production  in  the  United  States  for  a  number  of 
years  is  shown  below: 


United  States  Outlook  for  Feasible  Markets  for  Aluminum,  I960 


f 


Average  Annual 

Average  Annual 

(Short  Tons) 

Index 

Cximulative 

Production 

1910-11*  ;  100 

Rate  of  Increase 

1910  -  Hi 

22,085 

100 

1915  -  19 

58,867 

266.5 

53 

1920  -  2h 

5hA3 

2U7.0 

15 

1925  -  29 

88.962 

1*02.8 

20 

1930  -  3h 

67.077 

303.7 

10 

1935  -  39 

125,087 

566.1* 

19 

I9h0  -  hh 

5li6,6l6 

2,1*75.0 

79 

1915  -  1*6 

1*53,059 

2,051.1* 

61 

Feasible  Markets 

Building  products 

Automobiles 

Displacement  of  copper  l/ 

Wire  and  cable 

Other  uses 
Trucks 

Light 

Medium 

Heavy 

Trailers 
Buses 

Railroad  cars 
Aircraft 

Displacement  of  zinc  die  castings  l/ 
All  other  uses  ~ 

Total 


Estimated 

Aluminum 

Requirement 

(Million 

Pounds ) 

Minimum 

Maximum 

350 

700 

285 

1.380 

250 

1*50 

17^ 

3W 

75 

150 

211 

963 

~T 

^ 

175 

810 

18 

81 

15 

68 

1*0 

56 

51 

88 

51 

109 

31* 

52 

2,500 

2,500 

3,775  1/ 


6,303  1/ 


The  major  influences  which  will  tend  to  accelerate  the  growth 
of  the  aluminum  industry  are  (1)  the  lowest  prices  in  history 
associated  with  increases  in  the  prices  of  competing  metals; 
(2)  widespread  knowledge  of  handling  aluminiun  gained  by  some 
two  million  workers  during  World  War  II;  and  (3)  the  existence 
of  domestic  competition  for  the  first  tine* 

Estimated  national  market  for  aluminum  in  I960  is  shown  in  the 
following  tabulation: 
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l/  There  is  some  duplication  of  figures  representing 
displacement  of  copper  and  tine  because  of  the  use  of 
these  metals  in  automobiles,  trucks,  and  buses  for  which 
aluminum  estimates  were  made  without  an  analysis  of  sietals 
displaced. 

The  assumptions  upon  which  these  national  market  estimates  were- 
based  are  as  follows:'   — ^— — — ^^— — — ^-— — — — — ^— — — ^— — — 

A*    Building  Products 

(1)   Riilding  requirements  in  19l*6  amounted  to  350  million 
pounds.   By  I960  the  minimum  amount  will  be  350  million  and   the  maximum 
will  be  700  million. 

The  maximum  housing  requirements  were  estimated  as  follows: 
Prefrabricated  houses  may  use  about  ii,000  pounds  per  unit. 

Assuming  1,000,000  residential  units  per  year;  20  percent  prefrabricated; 

50  percent  of  prefabs  using  aluminum  and  all  prefabs  using  600  pounds  of 

aluminum  roofing,  the  requirements  would  be  520  million  pounds.  Another 

100  million  may  be  used  for  window  frames. 

B.   Automobiles 

(1)  Passenger  car  production  in  I960  will  be  3  million  cars. 
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(2)  Ninety  percent  will  be  in  Ford-Chevrolet-Plymouth  prioe 
range* 

(3)  Low-price  class  irtll  use  100  to  500  pounds  per  car.  High- 
price  class  will  use  small  amounts  of  aluminum,  about  30 
to  100  pounds  per  oar* 

C«  Displacement  of  Copper 

(1)  Favorable  price  relationship  iiill  continue  for  period  191^7 
-  60. 

(2)  Consumption  of  copper  wire  and  cable  in  absence  of  Miluminin 
would  run  between  350,000  and  i|00,000  tons  per  year* 

(3)  Aluminum  will  replace  one-half  to  three-fourths  of  the 
oopper  on  basis  of  one  pound  of  aluminum  for  two  pounds  of 
copper* 

(k)  Aluminum  will  replace  one-fourth  to  one-half  of  a  miscel- 
laneous oopper  market  amounting  to  about  1|50,000  tons  per 
year* 

^*  Trucks  and  Truck  Trailers 

(1)  i960  productioni  315,000  lightweight,  350,000  medium 
weight,  35,000  heavy  trucks,  and  30,000  trailers* 

(2)  Ten  percent  of  light  trucks  will  use  100  to  3OO  pounds  of 
aluminum  eaoh;  one-half  to  three-fourt>iS  of  medium  and 
heavy  trucks  and  trailers  will  use  1,000  to  3,000  pounds 
each* 

S*  Buses 

(1)  i960  productioni  8,000  buses  excluding  school  buses* 
(Average  I936  to  I9U0,  7»300) 

(2)  5*000  to  7,000  pounds  of  aluminum  will  be  used  per  bus* 

F*  Railway  Cars 

(1)  i960  productioni  16,000  box  oars,  19,000  gondola  and  hopper, 
1,000  tank,  1,000  refrigerator,  and  1,000  passenger  cars* 
The  total  aluminum  capacity  was  determined  as  follows  1 


Cars  to  be  Built 


Type  Car 

Box  16,000 
Gondola  19,000 
Tank  1,000 
Refrigerator  1,000 
Passenger     1,000 


Total   Using  Aluminum 


2,000  -  3*000 


2,000 
200  - 

too  - 


-3*( 

-  t,000 

500 
500 
700 


Use  of 

Aluminum  per 

Car  -  Lbs* 

8,000 
10,000 

7,000 
12,000 
20,000 


Total 
Million 
Pounds 


16 
20 

li 

10*0 


1*0 

6.0 
ii+.o 


51.0  -  87.5 


• 
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G,       Aircraft 

(1)  Army  will  building  3.000  to  5»G00  planes  per  year  and  Mavy 
1,000  to  2,000.  Aluminum  required  for  such  a  program 
estimated  at  26  to  6]^  million  pounds* 

(2)  Aluminum  requirements  for  civilian  planes  estimated  at  25 
to  I45  million  pounds* 

H*   Displacement  of  Zinc  Die  Castings 

(1)  High-grade  zinc  will  continue  to  sell  above  ten  cents  per 
pound • 

(2)  in  view  of  permanent  price  advantage  foundarles  may  be 
expected  to  switch  steadily  from  ilnc  to  aluminum* 

(3)  250  to  300  million  pounds  of  tine  castings  would  be  re- 
quired annually  by  I96O  in  the  absence  of  aluminum*  Alumi- 
n\m   could  displace  86  to  135  million  pounds  resulting  in 
aluminum  requirements  of  3^  to  52  million  pounds* 

!•   All  Other  Uses 

« 

B*P*A*  estimates  a  national  market  of  2,500  million  pounds  in 
this  classification*   (This  Is  66  percent  of  total  minimxim  esti- 
mate and  I4O  percent  of  total  maximum  estimate*) 


Principal  Assumptions  on  Hhich  Estimates 
for  Pacific  Morthwest  Aluminum  Production  are  Based 

1*   Because  power  costs  are  more  variable,  they  have  been  the 

principal  factors  in  plant  locations*  Plants  have  been  placed 
where  abundant  and  low-cost  power  was  obtainable* 

2»   The  more  economical  Eastern  production  capacity  Is  prevented 

from  expansion  by  lack  of  additional  sources  of  low^cost  power* 

3*   It  is  most  likely  that  further  expansion  of  the  industry  will 
take  place  mainly  in  the  Pacific  Northwest  provided  the  Federal 
Government  continues  its  policy  of  expandlrg  the  power  supply, 
building  transmission  lines  and  substations,  and  selling  firm 
power  at  or  near  the  present  rate  of  117*50  per  kilowatt  year* 

U*   Until  1953  the  availability  of  low-cost  power  in  the  Pacific 
Northwest  will  continue  to  be  a  strong  factor  in  the  expansion 
plans  of  the  industry*  After  1955  these  plans  may  be  influenced 
by  the  costs  of  atomic  power* 

5*   Political  and  economic  considerations  make  It  unlikely  that 

Canadian  aluminum  will  substantially  displace  Northwest  alumi- 
num in  competing  for  domestic  markets* 

6*  Primary  metal  requirements  will  be  supplied  from  domestic  pro- 
duction —  Imports  will  be  negligible  or  will  be  substantially 
offset  by  exports* 
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Faotors  Unfavprable  to  Devolopment  of 
Aluminum  Industry  in  Paolfio  Northirest 

1«  By  i960  the  use  of  atomic  power  may  favor  expansion  of  reduction  and 
alumina  capacity  of  Gulf  area,  closer  to  bauxite  and  aluminum  markets* 

2*  Production  of  alumina  from  Northnest  ores  nould  begin  only  ed*ter  the 
costs  of  delivering  iiiq)orted  bauxite  have  become  less  economical  or 
national  policy  should  encourage  production  by  subsidies* 

5*  Low-cost  gas  in  the  Gulf  area  permits  the  generation  of  low-cost  power* 
There  are  disad:rantages«  however,  to  dependence  upon  gas  for  aluminum 
production* 

h»     The  increased  demands  from  the  aluminum  industry  of  power  in  the  North- 
west would  come  about  193h  when  new  power  supplies  will  begin  to  be- 
come available  from  dams  now  authorized  or  under  construction*  It 
would  be  impossible  for  the  Northwest  to  supply  all  the  power  needed 
for  aluminiim  and  at  the  annual  rate  required,  unless  additional  dams 
are  authorised  in  the  near  future*  And,   unless  this  were  done,  the 
aluminum  industry  could  not  plan  sufficiently  in  advance  all  of  the 
expansion  that  is  possible  for  the  Northwest* 

Magnesium  is  now  the  cheapest  material  for  airplane  idieels, 
seats,  supercharger  housings,  window  frames,  and  trim  on  airplanes »  for 
warp  beams  in  the  textile  industries,  and  for  many  other  industrial  uses 
nhere  its  properties  in  various  alloys  can  save  money*   The  largest  single 
market  at  present  is  for  alloying  with  sduminum*  These  requirements 
■mounted  to  ten  million  pounds  in  19^6* 

At  present,  magnesium  is  used  in  the  Northwest  in  aircraft 
manufacture  and  for  alloying  with  aluminum*  Diere  is  neither  magnesium 
metal  production  nor  fabrication  in  this  region*  A  plant  at  Spokane, 
Washington,  with  a  capacity  of  lj8  million  pounds  of  magnesium  per  year  is 
now  idle  and  held  in  stand-by  as  a  part  of  the  national  defense  program*. 
After  6*P*A*  report  was  prepared  this  plant  was  acquired  for  electro- 
chemical production*  Its  minimum  power  requirements  operating  at  3G  per- 
cent capacity  would  be  approximately  2/4O  million  kilowatt  hours  per  year 
and  a  demand  of  28,000  kilowatts* 

Ha^esium  is  the  lightest  .of  all  structural  metals  and  the  sixth 
most  abundant  element  on  earth*  The  greatest  obstacle  to  large  scale 
production  and  use  is  cost  of  fabrication*  Alloyed  magnesium  ingot, 
costing  about  23  cents  per  poiind,  reaches  a  selling  price  of  about  80  cents 
per  pound  when  rolled  into  sheets  and  approximately  73  oents  a  pound  as 
die  castings* 

Uagnesium  is  produced  by  two  basic  processes! 

(1)  The  electrolysis  of  magnesium  chloride* 

(2)  The  thermal  reduction  of  magnesium  oxide  idiich 
produces  magnesium  powder* 
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The  power  requirements  of  the  electrolytic  process  used  by  The 
Dow  Chemical  Company  amounts  to  9*5  kilowatt  hours  per  pound  of  magnesium, 
while  the  process  used  in  the  Pacific  Northwest  requires  10  kilowatt  hours 
per  pound  of  magnesium* 

Operation  of  a  magnesium  metal  plant  in  the  Pacific  Northwest 
depends  upon  the  following: 

(a)  Conversion  of  the  Spokane  plant  so  as  to  produce  metal  at  not 
more  than  5  cents  above  the  cost  of  production  on  the  Gulf 
Coast* 

(b)  The  invention  and  perfection  of  a  new  and  cheaper  method  than 
the  sea-water  electrolytic  process,  provided  such  a  process  has 
special  adaptability  to  raw  materials  available  in  the  Pacific 
Northwest* 

(c)  A  peacetime  annual  demand  for  magnesium  amounting  to  approxi- 
mately 300  million  pounds*   (19U6  market  required  about  25 
million  pounds*) 

There  were  in  the  Nation  thirteen  government- owned  and  three 
privately  owned  magnesium  plants  at  the  end  of  the  war  with  a  capacity  of 
586  million  pounds*  Of  these,  only  one  plant  was  in  operation  in  October 
19li6,  having  a  capacity  of  18  million  pounds  (half  of  Freeport,  Texas, 
plant)* 

Total  national  markets  for  both  primary  and  secondary  magnesium 
are  about  37  million  pounds  per  year  at  the  present  time*  There  are  100 
million  pounds  of  scrap  magnesium  recoverable  from  military  aircraft  and 
50  million  pounds  from  incendiary  bomb  clusters*  This  scrap  can  be  ex- 
pected to  come  into  the  market  at  low  prices  (3  to  7  cents  per  pound)  and 
to  curtail  the  demeuid  for  primary  ingot  during  a  period  of  several  years* 

The  B*P*A.  estimates  that  by  I960  the  power  requirements  of  the 
Pacific  Northwest  for  the  magnesium  industry  will  be  between  120  emd  L80 
million  kilowatt  hours  with  corresponding  peak  requirements  between  13,600 
and  33»000  kilowatts*  This  estimate  is  based  on  the  following  assumptions; 

1*   Potential  consumption  of  magnesium  in  the  Pacific  Northwest  at 
present  tire  for  alloying  with  aluminum  is  8  million  pounds  per 
year. 

2*   Assuming  an  increase  in  the  aluminum  output  to  between  2.6  and 
3.6  billion  pounds  by  I960,  the  maernesium  required  for  alloying 
would  increase  to  between  39  end  ^U   million  povinds* 

5*   The  Nation  may  require  300  million  pounds  of  magnesium  per  year 
by  I960,   In  terras  of  ultimate  consumption  in  proportion  to 
population,  the  Pacific  Northwest  should  have  a  basis  for  a 
market  by  I960  of  h   percent  of  the  national  total,  or  12  million 
pounds  annually* 

ii*   Assuming  that  12  million  pounds  is  required  in  the  Pacific  North- 
west and  that  an  electrolytic  sea-water  magnesium  pleuit  is 
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installod  to  produce  it,  the  plant  would  require  120  million 
kilowatt  hours  and  13«600  kilowatts. 

The  Spokane  ferrosilicon  plant  which  is  held  in  reserve  for 
national  defense  would  in  the  event  of  war  require  Ii80  million 
kilowatt  hours  per  year  at  a  demand  of  55, OCX)  kilowatts. 


Chapter  IV  -  Psrrous  Metals  -  Related  Industries 


I&iown  iron  deposits  in  Pacific  Northwest  are  small,  and  iron 
content  averages  below  50  percent.  Coal  deposits  are  not  of  the  ookinc 
grade.  The  development  of  steel  plants,  therefore,  would  be  dependent 
upon  the  development  of  variations  in  the  standard  blast  fum&ce  process 
in  order  to  utilise  local  coal  and  hydroelectric  power. 

The  rolled  steel  industry  is  established  with  two  plants  in 
Seattle  and  one  in  Portlamd.  Two  of  these  plants  use  electric  furnaces. 
Steel  ingot  capacity  in  the  Pacific  Northwest  in  19U5  was  about  l406,800 
net  tons,  or  only  O.i;  percent  of  the  national.  About  one-half  of  this 
capacity  was  electric  furnace. 

Electric  power  required  for  steel  ingot  production  by  electric 
furnaces  ranges  from  5OO  to  7OO  kilowatt  hours  per  net  ton.  liVhere  a 
combination  process  is  used  and  the  charge  is  melted  in  a  cupola  furnace, 
power  requirements  are  reduced  to  between  100  and  200  kilowatt  hours  per 
net  ton. 

Market  for  rolled  steel  in  the  Pacific  Northwest  in  1939  was 
550,000  net  tons  while  esqports  to  markets  accessible  to  the  Vfest  Coast 
amounted  to  1,000,000  tons. 

B«P.A*  estimates  that  the  consumption  of  rolled  steel  in  the 
Pacific  Northwest  in  I96O  will  be  between  800,000  and  1,000,000  tons. 
They  estimate  that  the  production  of  steel  ingots  and  rolled  steel  will 
be  between  915*000  and  1,100,000  net  tons.  Power  required  is  estimated 
at  120  to  220  million  kilowatt  hours,  with  a  denand  ll2,000  to  71,000 
kilowatts. 
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The  stainless  steel  industry  could  be  developed  in  the  Facifie 
Northwest  since  the  region  contains  all  the  required  raw  materials  plus  a 
source  of  low-cost  power. 

Stainless  steel  is  an  alloy  containing  12  to  18  percent 
ohronium  or  higher  and  a  very  low  carbon  content.  It  is  usually  produced 
by  the  electric  furnace  process  and  requires  about  600  kilowatt  hours  per 
ton. 

B.P.A.  estimates  that  by  I96O  from  6,000  to  20,000  tons  will  b« 
produced  annually  in  the  region.  Electric  furnace  power  requirements  plus 
the  power  requirements  of  producing  ingots  and  other  related  operations 
are  estimated  at  7  million  to  32  million  kilowatt  hours,  with  a  reloited 
demand  of  1«500  to  6,500  kilowatts. 

Iron  and  steel  castings  were ,  in  I9U6,  produced  in  23  foundries 
in  the  Pacific  Northwest  having  a  total  capacity  of  approximately  100,000 
tons,  or  3-1/2  percent  of  the  national  capacity.  In  I9I45  these  foundries 
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producod  65.000  tons  and  consumed  about  20  Billion  kilowatt  hours. 

B,P.A.  estimates  that  by  I960,  the  Pacific  Northwest  will  hare 
markets  ayailable  requiring  annual  production  of  1^0,000  to  50,000  tons  of 
steel  casting  and  90,000  to  110,000  tons  of  gray  iron  castings.  Power 
requirements  are  estimated  at  95  to  130  million  kilowatt  hours  and  I4O  to 
55  thousand  kilowatts  demand* 

Ferro-alloys  production  is  used,  almost  entirely,  by  the  steel- 
making  industry.  Kerromanganese  and  ferrosilicon  are  most  widely  used. 

All  ferro-alloys  used  in  the  West  hare  been  supplied  by  Eastern 
producers.  The  electric  furnaces  used  by  the  three  Western  producers  at 
the  close  of  World  War  II  had  an  as;gregate  capacity  of  only  26,000 
kilowatts «  or  3-1/2  percent  of  total  national  capacity. 

A  large  existing  freight  differential  is  a  considerable  dis- 
advantage for  Western  producers,   B.P.A,  estimates  a  I960  production  of 
75.000  to  95,000  tons  of  ferro-alloys,  requiring  260  to  5OO  million 
kilowatt  hours  and  3h,000   to  6ii,000  kilowatts. 

Electrolytic  iron  is  the  cheapest  source  of  sintered  iron  powder 
used  in  industry.  Present  costs  of  production  range  from  a  few  cents  to 
nor©  than  fl.OO  per  pound,  depending  on  the  type  of  powder  produced. 

B.P.A.  belieres  that  if  sufficient  rolume  is  attained,  cost  of 
production  will  be  reduced  below  10  cents  per  pound.  A  minimum  production 
of  15  tons  per  day  in  I960  will  require  1^5  million  kilowatt  hours  per  year 
and  6,000  kilowatts.  However,  if  costs  are  lowered  to  5  per  pound,  B.P.A. 
estimates  a  power  requirement  of  300  million  kilowatt  hours  and  1+0,000 
kilowatts  to  produce  100  tons  of  electrolytic  iron  per  day. 

The  United  States  production  of  electrolytic  manganese  at  the 
end  of  191*6  was  concentrated  in  only  one  plant  of  the  Electro  Manganese 
Corporation  at  Knoxville,  Tenessee.  Production  of  this  plant  in  I9I46 
was  7.5  tons  per  day. 

Possible  uses  for  electrolytic  manganese  are  still  in  the 
experimental  stages.   B.P.A.  estimates  the  production  of  electrolytic 
manganese  in  I960  as  50,000  tons,  of  which  from  7,000  to  15,000  tons  could 
be  supplied  from  plants  in  the  Pacific  Northwest.   This  estimate  would 
require  from  63  to  135  million  kilowatt  hours  and  from  7,600  to  16,300 
kilowatts. 


Chapter  V  -  Nonferrous  Metals  Industry 


The  most  important  minerals  produced  in  Idaho  and  Monteuia  are 
nonferrous  metals.  Large  quantities  of  power  are  consumed  in  the  mining 
and  electrolytic  separation  of  these  minerals. 

In  I9UU  nearly  one-fourth  of  the  domestic  production  of  zinc  and 
lead,  one-oighth  of  the  gold  and  copper,  one-half  of  the  silver,  and  prac- 
tically all  of  the  antimony  came  from  the  Pacific  Northwest* 

In  view  of  the  decreasing  zinc  production  in  the  Tri-State  and 
Eastern  mines;  the  large  reserves  of  zinc-lead  ores  in  the  Pacific  North- 
west, Alaska,  and  British  Columbia;  and  the  availability  of  low-cost 
power,  B.P.A.  estimates  that  new  electrolytic  zinc  plants  will  be  erected 
in  the  Puget  Sound  and  Lower  Columbia  areas  by  I960.  The  estimated  power 
consumption  for  I96O  for  zinc  mining,  concentrating  and  slab  production 
is  from  1,090  to  1,39U  million  kilowatt  hours  and  from  150,000  to  19^,000 
kilowatts. 

The  present  world  shortage  of  lead  will  probably  continue  indef- 
initely, because  of  steady  depletion  of  Missouri  and  Tri-State  deposits 
unless  the  large  lead  reserves  existing  in  the  Pacific  Northwest  are 
called  upon  to  make  up  the  deficiency. 

In  19144*  of  11  smelters  in  the  United  States,  7  were  in  the 
Western  States  and  of  8  refineries  in  the  United  States,  3  were  in  the 
West* 

Based  on  a  production  of  from  l60,000  to  200,000  tons  of  ore 
and  concentrates  and  150,000  to  180,000  tons  of  pig  lead,  the  estimated 
power  requirements  in  I96O  are  I35  to  181+  million  kilowatt  hours  and 
52,000  to  1+5,000  kilowatts. 

The  largest  known  reserves  of  oopper  in  the  Pacific  Northwest 
are  iii  the  property  of  Anaoonda  Copper  Mining  Company  at  Butte,  Montana* 
Two  smelters  in  the  Pacific  Northwest  represented,  in  I9I4U,  I6  percent 
of  United  States  smelter  capacity*  Two  refineries,  at  Tacoma,  Washington, 
and  Great  Falls,  Montana,  represented  about  19  percent  of  United  States 
•lectrolytio  refinery  capacity* 

Total  production  of  refined  copper  in  the  Pacific  Northwest  in 
i960  is  estimated  as  125,000  to  175.000  tons.  Power  required  for  this 
production  is  estimated  between  1+00  to  500  million  kilowatt  hours  and 
62,000  to  75,000  kilowatts. 

The  Yellow  Pine  mine  at  Stibnite,  Valley  County,  Idaho,  is  the 
largest  domestic  producer  of  antimony  in  the  United  States*  Domestic  con- 
sumption in  i960  is  estimated  at  50,000  tons.  Assuming  a  tariff-protected 
price  of  15  cents  per  pound  to  offset  Chinese  antimony  inq)orts,  and  other 
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favorable  circianatances,  a  production  of  3,000  to  5,000  tons  in  the  Idaho 
refineries  is  expected  by  I960,  This  production  would  require  22  to  56 
million  kilowatt  hours  and  6,000  to  13,000  kilowatts. 
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Chapter  VI  -  Nonmetallic  Industries 


Only  two  industries  are  discussea  in  this  chapter  —  the  cement, 
and  the  artifical  abrasives  industries. 

The  cement  industry  is  particularly  important  in  the  Pacific 
Northwest  because  of  the  high  rate  of  construction  in  this  area.  Althou^ 
the  cement  industry  is  not  truly  an  electro-industry,  it  is  a  large  power 
consumer  which  used  nearly  h   percent  of  all  industrial  power  consumed  in 
1939«  Energy  requirements  range  from  22  to  23  kilowatt  hours  per  barrel 
of  cement  produced. 

The  cement  plants  of  California  offer  the  greatest  competition 
to  Pacific  Northwest  plants  although  their  costs  are  somewhat  higher. 

At  present  (19J^7)  a  program  is  being  developed  by  the  aluminuM 
Company  of  America  to  bring  limestone  from  southeastern  Alaska  to  Puget 
Sound  and  Columbia  River  points.  This  projected  shipment  is  expected 
to  eliminate  much  competition  from  California  cement,  and  assuming  a 
rather  high  level  of  construction  in  the  next  two  decades,  it  is  estimated 
that  the  I960  cement  production  will  range  from  8.0  to  9,0  million  barrels. 
The  I9I46  production  was  h.7   million  barrels. 

The  power  requirements  corresponding  to  these  production  figures 
would  be  183  to  200  million  kilowatt  hours  and  37,000  to  l4l,000  kilowatts. 

The  manufacture  of  artificial  abrasives  requires  large  quantities 
of  electric  energy  in  electric  furnace.  The  two  most  important  artificial 
abrasives  produced  in  the  United  States  are  silicon  carbide  and  fused 
alumina.  The  acquisition  of  a  plant  site  in  Vancouver,  Washington,  by 
the  Carborundum  Company  in  19U7  constitutes  the  initial  step  in  the  estab- 
lishment of  this  industry  in  the  Pacific  Northwest.   B.P.A.  estimates 
that  other  plants  of  this  type  may  be  established  in  this  area  by  I960, 
having  a  total  production  of  8,000  to  12,000  tons  of  silicon  carbide  and 
10,000  to  20,000  tons  of  fused  alumina.   Power  requirements  for  this 
production  would  be  100  to  I60  million  kilowatt  hours  and  13,000  to  21,500 
kilowatts. 
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Chapter  VII  -  Electrochemical  and  Related  Industries 


The  electrochemical  and  related  industries,  for  the  purpose  of 
this  report,  have  been  divided  into  7  pjroups:   (a)  phosphorous  and 
phosphate  products;  (b)  sulphuric  acid;  U)  calcium  carbide  and  deriva- 
tives; (d)  chlorine  and  caustic  soda;  (3)  chlorates  and  perchlorates;  (f) 
carbon  disulfide;  and  (g)  rayon« 

(a)  The  discussion  of  phosphorous  and  phosphate  products  is  pre- 
sented in  four  sections t   (l)  mining  of  phosphate  rock  and  electric  fur- 
nace production  of  elemental  phosphorous;  (2)  phosphoric  acid  produced 
from  elemental  phosphorous;  (5)  phosphates  made  from  phosphoric  acid;  and 
(h)   the  phosphate  fertiliser  industry. 

The  Pacific  Northwest  has  tremendously  larf^  reserves  of 
phosphate  rock  located  in  southern  Idaho,  western  Montana,  Wyoming,  and 
northern  Utah.  These  deposits  represent  one  of  the  three  major  deposits 
in  the  United  States — the  other  two  being  Tennessee  and  Florida. 

There  are  at  present  only  two  phosphate  fertiliser  plants  in 
this  region,  one  is  in  Anaconda,  Montana,  and  the  other  in  Pocatello, 
Idaho.  Of  the  several  alternatives  for  supplying  the  markets  with  Western 
phosphate  fertilizer,  the  manufacture  of  elemental  phosphorous  (near  the 
phosphate  rock  mines)  through  the  use  of  electric  fv maces  and  shipment  of 
phosphorous  to  factories  located  near  the  point  of  use ,  appears  to  provide 
the  ultimate  in  economical  operation  for  long-distance  moving  of  products 
and  consequently  has  potentials  in  the  Pacific  Northwest,  where  potential 
low-cost  hydroelectric  power  is  abundant. 

(b)  Sulphuric  acid  is  the  most  widely  used  acid  in  the  chemical 
industry  and  the  production  of  sulphate  and  superphosphate  fertilisers 
constitutes  the  largest  single  market  for  sulphuric  acid  in  the  Northwest. 
In  19I46,  Ii9  percent  of  all  the  sulphuric  acid  plants  in  the  United  States 
were  operated  jointly  with  superphosphate  plants. 

(c)  The  manufacture  of  calcium  carbide  is  an  important  electro- 
industry  which  was  started  in  the  Pacific  Northwest  in  I9I4I  when  two  new 
plants  were  built  in  Portland.  These  are  the  only  two  plants  west  of  the 
Mississippi  River  except  one  at  Keokuk,  Iowa. 

Practically  all  calcium  carbide  is  converted  into  acetylene 
which  has  two  general  uses  in  welding  and  cutting  of  metal  and  in  the 
nanufacture  of  synthetic  chemicals. 

The  annual  capacity  of  the  two  carbide  plants  in  Portland  in 
19i*6  was  approximately  27,000  tons.   B.P.A.  estimates  a  minimum  production 
in  I960  in  the  Pacific  Northwest  of  70,000  tons  to  be  converted  to 
acetylene,  of  which  3^4.000  tons  would  be  used  to  supply  the  local  region, 
32,000  tons  may  be  shipped  to  other  Western  States,  and  ktOQO   tons  sold 
in  foreign  markets. 
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(d)  The  ohlorine-caustic  soda  industry  was  one  of  the  first  eleotro- 
industries  to  be  established  at  Pacific  Northwest  tidewater  locations. 
The  bulk  of  the  chlorine  production  in  191^6  was  utilised  by  the  ohemieal 
industry  in  the  treatment  of  coal  tar-,  petroleim^,  and  natureJ.  gas-hydro- 
oarbons,  aoetylene,  and  other  raw  materials*  The  pulp  and  paper  industry 
oonsiones  about  20  percent  of  all  production.   Caustic  soda  is  used  in  the 
manufacture  of  soap,  petroleum  products,  rayon,  etc. 

B«P.A.  expects  that  there  will  be  capacity  within  the  Paoifio 
Northwest  in  I96O,  at  least,  equal  to  the  volume  of  accessible  market  for 
chlorine,  or  85,000  to  122,000  tons.  The  quantities  of  caustic  soda  that 
would  be  produced  in  oonjimotion  with  these  quantities  of  chlorine  would 
not  be  sufficient  to  meet  the  potential  market.  It  is  likely  that  one 
lime  oaustio  soda  plant  would  be  installed  to  meet  the  excess  demands. 

(e)  Sodium  and  potassium  chlorates  have  been  manufactured  in 
Portland  since  19^41*  Electrolytic  cells  are  used  to  make  the  ohlorates* 
Perchlorates  have  not  been  made  in  the  Paoifio  Northwest.  Sodium  per- 
chlorate  is  derived  by  further  electrolysis  of  sodium  chlorate.  Anmoniton 
and  potassium  perchlorates  and  perohlorio  acid  are  made  from  sodium  per- 
ohlorate* 

In  19145*  ^^   Pennsylvania  Salt  Manufacturing  Company  in  Portland, 
Oregon,  oonsumed  31  million  kilowatt  hours  and  used  3,900  kilowatts.  No 
new  plants  are  expected  to  be  established  in  this  region  by  I96O]  produo- 
tion,  however,  is  expected  to  continue  to  increase  with  normal  developments 
in  this  industry. 

(f )  Carbon  disulfide  is  primarily  used  in  making  visoose  rayon  and 
cellophane*  There  was  no  market  for  oarbon  disulfide  in  rayon  manufacture 
in  the  '<ifestem  States  in  I9U6   and  the  only  existing  plant  using  carbon 
disulfide  is  located  at  Richmond,  California,  probably  used  its  produc- 
tion for  such  minor  uses  as  fumigation,  pest  control,  solvents,  etc.  The 
manufacture  of  carbon  disulfide  in  the  Pacific  Northwest  depends  entirely 
on  the  future  manufacture  of  visoose  rayon  and/or  cellophane  in  the  region. 

(g)  The  Pacific  Northwest  entered  the  rayon  picture  in  1929  when  it 
was  discovered  that  dissolving  grades  of  bleached  sulphite  pulp  fk*OB 
Western  hemlock  were  among  the  superior  pulps  for  rayon  manufacture*  la* 
troduction  of  sustained  forest  yield  practices  virtually  guarantees  a 
permanent  annual  output  of  such  pulps.  Practically  all  the  other  raw 
materials  and  chemicals  needed  in  the  manufacture  of  rayon  are  available 
in  the  Northwest  at  reasonable  cost.  There  is  plenty  of  water  and  power 
if  cheap.  Such  considerations  indicate  that  rayon  plants  oould  be 
established  in  this  region* 

B*P*A*  estimates  that  plants  would  be  established  at  Eugene, 
Oregon;  Longview,  Washington;  Paget  Sound  area,  Washington;  and  Willamette 
Valley,  Oregon;  aggregating  a  production  of  135  to  I75  million  pounds  of 
rayon  per  year  by  I96O* 

The  power  requirements  to  meet  the  foregoing  production  are 
shown  in  the  following  tabulation! 
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Chapter  VIII  -  Forest  and  Forest  Product  Industries 


The  logging  of  timber  and  the  manufacture  of  wood  products  hare 
been  the  major  source  of  industrial  employment  in  the  Pacific  Northwest. 
During  1939- 191^6,  logging,  sawmill,  pulp  mill,  and  related  wood  products 
consumed  approximately  2  billion  kilowatt  hours  annually. 

Since  1909*  the  region's  timber  reserve  has  decrease  approxi- 
mately one-third.  Future  production  of  logs  and  lumber  may  not  be  sus- 
tained at  the  wartime  rate.   Peak  wartime  production  of  12,9  billion  board 
feet  in  I9I4I  did  not  equal  the  1929  record  cut  of  15.5  billion  board  feet. 

The  B.P.A.  i960  estimate  is  based  largely  on  a  report  of  the 
Forest  Service  and  estimates  the  lumber  production  as  between  7-l/2  and 
9-1/2  billion  board  feet.   The  power  requirements  of  this  production, 
including  all  related  forest  products  industries  is  estimated  at  between 
2,377*  677,000  and  3,697,811,000  kilowatt  hours.   The  midpoint  figure  has 
been  taken  as  the  probable  load,  or  3,038,000,000  kilowatt  hours.   The 
demand  would  be  between  691,733  and  1,016,796,  or  851^,265  kilowatts. 


m 


«> 

n  o 

03  •t-t 

pa  ft* 

■o  o 
*-l 

o  E  • 

tf  3  (0 

ft  "O 

0*0 

i-<  O  Oh 


^IcmI^nI 


28 


29 


Caiapter  IX  «  Agriculture  and  Food  Processing 

The  futtjre  agricultural-  production  and  volume  of  products  to  be 
processed  in  the  Northwest  will  depend  to  a  considerable  extent  upon 
general  economic  conditions.  Two  sets  of  assumptions  designating  two 
possible  levels  of  economic  activity  for  the  country  as  a  whole  were  used 
to  make  estimates  of  agricultural  development  in  the  region.  These  two 
levels,  of  which  one  is  designated  "moderate  employment"  and  the  other 
"full  employment,"  indicate  a  range  within  which  actual  development  is 
most  likely  to  fall* 

Approximately  53  million  acres,  or  somewhat  less  than  one-third 
of  the  total  land  area  is  in  farms.  By  I96O  this  area  would  be  increased 
by  2  to  3  ndllion  acres.  Farming  in  the  Pacific  Northwest  has  undergone 
a  gradual  but  marked  change  from  so-called  extensive  types  of  farming  to 
more  intensive  type  of  agricultural  production.  The  anticipated  improve- 
ments in  crop  yields,  together  with  the  expansion  in  cropland,  are  eacpected 
to  result  in  major  increase  in  total  crop  production. 

Host  outstanding  changes  are  anticipated  in  dairy,  poultry  and 
beef  production.  Hog  production  will  decline.  Many  changes  in  processing 
of  Northwest  products  may  prove  feasible  but  the  time  or  rate  at  i«^ch 
"ttiey  will  enter  into  commercial  usage  is  uncertain.  A  major  change  in 
recent  years  has  been  the  preservation  of  food  by  freesing. 

All  estimates  of  the  agricultural  potential  of  the  Columbia 
Basin  are  based  on  the  special  study  prepared  by  the  Bureau  of  Agri- 
cultural Economics  of  the  Department  of  Agriculture.  These  estimates  of 
production  have  been  converted  into  the  corresponding  power  requirements, 
which  result  in  513 #953*800  to  5U5*26U,800  kilowatt-hours  and  23U,68U  to 
2li8,972  kilowatts  by  I960. 
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Chapter  X  -   Railway  Eleotrif ioation 

In  19^7  the  Great  Northern  and  the  Chicago  Milwaukee  and  St. 
Paul  railroads  operated  733  miles  of  electrified  main  line.  Of  this  total 
the  Great  Northern  has  73  miles  and  the  Milwaukee  the  balance,  or  660 
miles.  The  Great  Northern  uses  11,000  volts,  25-cycle,  single-phase 
power,  and  the  Milwaukee  uses  3*000  volts  D*  C,  The  latter  system  is  not 
entirely  successful  because  of  the  excessive  voltage  drop  at  heavy  loads* 

Between  1929  and  I9U6  there  have  been  6,231  new  Diesel-electric 
locomotives  purchased  and  only  3*^96  steam  locomotives.   Superiority  of 
the  electric  drive  has  been  well  demonstrated  and  the  question  is  no 
longer  whether  to  buy  steam  or  electric  locomotives  but  whether  to  buy 
Diesel-electric  or  all-electric* 

The  electric  locomotive  has  a  higher  first  cost  out  due  to 
lower  maintenance  and  higher  efficiency  the  annual  cost  is  less*  At  19ii6 
prices,  an  efficient  electrified  railroad  system  may  be  operated  at  an 
estimated  annual  saving  of  $52,000  for  each  locomotive  as  compared  «ith  a 
Diesel-povrered  system,  orovided  power  could  be  purchased  at  U  mills  per 
kilowatt-hour.  At  present  (19^7)  the  power  used  by  electrified  railroads 
in  this  region  costs  6  to  10  mills,  and  where  electric  systems  have  to  be 
extended,  the  rates  quoted  for  additional  power  are  as  high  as  15  mills  per 
kilowatt -hour. 

B.P*A,  estimates  that  by  I960  electrification  may  be  extended  to 
a  total  of  2,000  miles*  The  power  consumption  under  these  conditions 
would  be  720  million  kilowatt-hours  annually*  October  coincident  demand 
is  estimated  at  180,000  kilowatts  and  the  coincident  December  peak  at 
160,000  kilowatts* 
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Chapter  XI  -  Domestic  Power  Requirements  -  Urban  and  Rural 

In  oatiinating  the  number  of  urban  and  rural  customers  in  the 
Paoifio  Sorthwest  region  by  I960,  the  3. P. A.  has  necessarily  had  to  esti- 
mate also  the  total  population  expected  to  reside  in  the  region  at  that 
date.  In  making  this  estimate  of  population,  four  important  changes  that 
hare  occurred  since  I9U0  ha^e  been  taken  into  considorationt 

1.  The  unusually  large  net  In-migration  to  this  region. 

2.  The  intraregional  migration  from  rural  to  urban  areas. 

3.  The  war  accelerated  industrial  growth. 
I|«  Increase  in  birth  rates. 

Another  important  consideration  is  the  fact  that  the  Pacific 
Northwest  has  had  a  more  rapid  growth  them  the  United  States  as  a  whole. 
The  percent  of  total  United  States  population  located  in  the  Northwest 
has  increased  from  2.5  percent  in  1930  to  3.I  percent  in  19ij6.   3. P. A. 
estimates  that  this  peraant  will  reach  3.3  percent  in  I96O. 

Assuming  a  total  United  States  population  of  151,500,000  In 
i960  would  result  in  a  population  of  5,000,000  for  the  Pacific  Northwest. 

In  19140  the  average  number  of  persons  per  occupied  dwelling  was 
3.11  in  urban  areas,  3.68  on  farms  and  3.37  in  rural  nonfarm  dwellings. 
This  same  ratio  is  expected  to  be  true  in  I96O.  It  is  also  assumed  that 
by  i960  100  percent  of  urban  dwellings  will  be  electrified  and  95  percent 
of  the  rural  nonfarm  and  farm. 

Using  the  above  mentioned  ratios  and  allowing  for  unoccupied 
and  nonproductive  farms,  the  total  number  of  customers  is  given  as: 


Urban 

Rxiral  Nonfam 

Rural 


909.650 

387,385 
18U,500 


The  use  per  customer  has  been  estimated  at  5*500  kilowatt  hours 
per  urban  and  rural  nonfarm  customer  and  10,1^00  for  rural  customer.  These 
estimates  do  not  include  space  heating.  Total  requirements  for  I960  are 
estimated  as: 


Urban 

Rural  Nonfarm 
Farm 

Total 


5,003  Million  kwh 

2,131         "  " 

1,920         "  " 

9,054         "  " 


In  justification  of  these  estimates,  B.P-.A.  points  out  that  in 
19ii6  electric  customers  in  the  Pacific  Northwest  who  owned  and  used  major 
electric  appliances  such  as  the  electric  range,  electric  water  heater  and 
electric  refrigerator  used  5  to  6  thousand  kilowatt  hours.   Because  of 
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the  increasing  costs  of  competitive  fuels  they  expect  a  large  percentage 
of  the  domestic  customers  to  have  these  heavy  energy  consuming  devices  by 
i960  and  they  also  anticipate  that  other  appliances  such  as  ironers,  deep 
freeie  chests  and  air -conditioning  systems  will  be  much  more  widely  used 
in  i960  them  at  present. 

The  average  annual  use  per  farm  of  10,1*00  kilowatt  hours  was 
determined  by  weighting  the  total  use  expected  in  the  various  farm  types* 
These  were  estimated  as  follows: 


Type  of  Farm 

Kwh 

Per  Customer 

Farm  Home  l/ 

7,000 

Dairy 

15.250 

Poultry 

12,000 

General 

10,000 

Grain 

9,750 

Fruit  and  Vegetable 

9.U5O 

Livestock 

12,250 

Seed  Crops  and 

Special tie 

»s 

13.550 

Weighted  Average 


io,Uoo 


1/  Subsistence  farm.   (Apparently  the  figures  for 
the  other  farms  also  include  the  farm  home.) 
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Chapter  XII  -  Coinmercial,  Small  Industrial,  Irrigation, 
Space  Heating  and  Miscellaneous  Elsctric  Requirements 


A  "commercial  customer"  has  been  defined  as  any  business  estab- 
lishment not  directly  engaged  in  nanufacturing.  The  number  of  commercial 
customers  has  been  estimated  on  the  basis  of  the  ratio  to  domestic  custo- 
mers* In  1955  "t^iQ  ratio  was  18  commercial  customers  per  100  domestic 
customers  in  the  Pacific  Northwest.  Even  though  during  the  war  the  ratio 
dropped  to  15»5  percent  in  I9k5t  i*  is  expected  that  by  I96O  the  ratio 
will  be  back  at  16  percent. 

The  average  annual  consumption  has  risen  from  8,U00  kilowatt 
hours  in  1959  to  13,860  kilowatt  hours  per  customer  in  19^4? •  Using  a 
rate  of  increase  of  5*5  percent  compounded  annually,  B.P.A.  arrives  at 
a  use  per  customer  of  27,000  kilowatt  hours  in  I960.  The  total  commer- 
cial requirements  for  I96O  are  estimated  at  7,200  million  kilowatt  hours. 

The  industrial  load  has  been  divided  into  large  and  small  indus- 
trial establishments  deoeading  on  whether  they  use  more  or  less  than  U 
million  kilowatt  hours  per  year.  Small  industrial  customers  have  been 
ostinatod  on  the  basis  of  one  customer  to  each  20  commercial  customers 
which  was  the  ratio  in  19i45«  Applying  this  ratio  to  the  number  of  com- 
mercial customers  previously  estimated,  there  would  be  about  13*330  small 
industrial  customers  in  I96O.  The  average  use  for  the  small  industrial 
oustotnsr  in  19^  was  223,9^3  kilowatt  hours.   B.P.A.  estimates  that  this 
will  increase  to  300,000  kilowatt  hours  by  I96O. 

Prom  the  above  estimates  of  customers  and  use  per  customer  the 
total  i960  requirements  for  small  industry  amounts  to  3»999  million  kilo- 
watt hours.  This  does  not  include  small  forest  industry  plants  but  does 
include  food  processing  plants. 

The  space-heating  load  has  been  estimated  on  the  basis  of  past 
trends  for  use  of  resistance  type  heaters  and  the  probability  that  most 
of  the  resistance  heaters  will  be  replaced  by  the  heat  pump.   It  has  been 
assiimed  that  by  I96O  10  percent  of  the  homes  in  the  Pacific  Northwest  will 
make  use  of  the  "heat  pump**.  Total  requirements,  assuming  heat  pump  use 
of  U»300  kilowatt  hours  per  home  heated,  are  estimated  at  667  million 
kilowatt  hours. 
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Miscellaneous  requirements  such  as  the  requirements  of  public 
agencies  for  domestic  water  pumping,  storage  treatment  plants,  lighting 
of  recreational  areas  and  municipal  buildings,  use  by  military  establish' 
ments  and  construction  enterprises  is  estimated  as  800  million  kilowatt 
hours  in  I96O.  This  was  estimated  on  the  basis  of  historical  trends  in 
per  capita  requirements.  It  was  57  kilowatt  hours  in  1937,  100  kilowatt 
hours  in  19l*7»  and  was  estimated  to  be  I60  kilowatt  hours  in  I96O. 
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Irrigation  pumping,  aside  from  the  use  of  individuals  and  small 
groups  of  farm  operators,  is  made  up  almost  entirely  by  the  irrigation 
requirements  of  U.  S.  Bureau  of  Reclamation  projects.   The  latter  are 
estimated  at  1,902  million  kilowatt  hours  in  I96O,  making  the  total  esti- 
ted  irrigation  pumping  requirements  2,286  million  kilowatt  hours. 


Street  and  highway  lighting  requirements  per  capita  of  urban 
population  in  19^7  amounted  to  kO   kilowatt  hours.  It  is  expected  that 
by  i960  the  use  per  capita  will  be  doubled  and  226  million  kilowatt  hours 
will  bo  used  for  all  street  and  highway  lighting  in  thet  region. 
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PART  II  »  LOAD  SSTIMATES 
Introduotion 


This  saotloa  of  the  report  presents  the  results  of  a  study  to 
determine  the  probable  power  requirements  in  the  Pacific  Northwest  region 
to  the  year  I960.  Although  the  study  was  made  primarily  to  check  the 
reasonableness  of  estimates  made  in  the  Bonneville  Power  Administration's 
report  entitled  "Power  Markets  and  Developments  in  the  Pacific  Northwest", 
it  will  be  a  valuable  adjunct  to  the  Commission's  continuing  studies  of 
power  requirements  and  supply. 

In  the  following  pages  a  brief  analysis  is  oAde  of  (l)  the  past 
and  future  trends  of  population;  (2)  past  and  probable  future  use  of  farm, 
residential  and  commercial  customers;  (3)  the  industrial  energy  consump- 
tion trends  modified  by  the  anticipated  development  of  the  region's  natu- 
ral resources;  and  {k)   numerous  other  factors  that  might  affect  the  power 
requirements  of  the  region. 

Region  Considered 

The  region  has  been  subdivided  into  ten  load  areas  which  corres- 
pond to  Federal  Power  Commission  Power  Supply  Areas  and  Subareas  iU-B, 
jll-C.  1*2,  hd,  kk'A,   i4l*-B,  Ii5-B,  that  part  of  I4I-A  in  Idaho,  that  part  of 
k3^   in  Oregon  and  30-A,  which  includes  nine  western  counties  in  Montana 
as  adopted  in  the  Missouri  River  Power  Market  Survey. 

This  division  of  load  areas  has  been  made  in  order  to  utilise 
data  available  in  the  files  of  the  Federal  Power  Commission.  Exact  com- 
parisons cannot  be  made  between  F.P.C.  and  B.P.A.  load  areas  due  to 
slight  differences  in  the  territory  included  by  each.  The  totals  are  not 
exactly  comparable  either,  as  B.P.A.  has  included  two  counties  in  western 
Montana  (Deer  Lodge  and  Silver  flow),  which  were  not  included  by  the  F.P.C. 
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A  comparison  of  B.P.A.  and  F.P.C.  load  areas  is  shown  on  Chart 


Principal  Economic  Activities 

Prior  to  World  War  II,  the  region's  economy  was  founded  pri- 
marily on  agricultural  pursuits  and  the  production  of  raw  mterial  for 
export.  The  general  character  of  the  economic  activity  in  the  area  it 
indioated  in  the  tabulation  of  wage  earners  which  follows: 
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Wage  Earners  (lU  or  More  Years  of  Age) 


19i40 

Industry 

Washington 

Oregon 

Idaho 

Total 

Agriculture 

85,U75 

71,555 

58.150 

212,9140 

Uanufaoturing 

74,939 

57,859 

6,905 

119.705 

Trade  or  Commercial 

285,576 

I7U.23U 

60,565 

520,175 

Transportation  and 

Communication 

51,515 

30,805 

10,1428 

92,7li6 

Building 

37,M*1 

20,70» 

7.187 

65,528 

Forestry  and  Fishing 

61,025 

U5,765 

6.586 

115,176 

Mining 

5,1429 

2.955 

6.755 

15,117 

Other  Industries 

8.272 

6,11*9 

2.U72 

16,893 

Total s 


607,672 


589,798 


153,606    1,156,076 


While  data  for  year  I9I4O  (the  latest  for  which  complete  record* 
are  available )  do  not  show  the  present  magnitude  of  operations,  and  fail 
to  indicate  the  character  and  extent  of  the  changes  during  the  war  years, 
they  do  provide  a  reasonable  accurate  basis  for  determining  the  general 
nature  and  distribution  of  economic  activities  throughout  the  area* 

Since  the  B*P.A.*s  report  on  "Power  Markets  and  Developments  in 
the  Pacific  Northwest"  covers  in  detail  activities  in  agriculture  and  food 
processing,  forest  and  forest  products  industries,  mining  and  various 
other  industries,  these  need  not  be  further  discussed  in  this  section* 

Population 

The  population  of  a  region  is  one  important  indication  of  the 
region's  power  requirements.   Therefore,  population  estimates  based  on 
past  and  pre  3ent  trends,  distribution,  density  and  expected  changes  in 
economic  conditions  are  useful  tools  in  estimating  future  power  requirements! 

In  the  Pacific  Northwest  the  population  in  1890  was  777,911.   By 
I9I4O  the  region's  population  had  grown  to  5.U57,021  persons,  and  the  esti- 
mated population  for  19U7  was  U, 529. 000  persons.  Of  this  number,  52  per- 
cent resided  in  Washington;  55  percent  in  Oregon;  11  percent  in  Idaho;  and 
2  peroent  in  the  nine  western  counties  in  Montana* 

The  population  increase  that  has  occurred  during  the  past  50 
years  has  been  material  in  size  and  constantly  progressive.   The  following 
tabulation  indicates  the  extent  of  decennial  increases  between  1890  and 
191*0  and  the  estimated  population  in  191*7 : 
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Population 

of  Pacific 
I89O-I9I47 

Northwest 

Year 

Waihiugton 

Oregon 

Idaho 

Montana 
(9  Western  Count ie 

Total 

1890 

357.232 

317,7014 

88,5148 

ll*,l*27 

777.911 

1900 

518,105 

1*13.536 

161,772 

35,1*89 

1,128,900 

1910 

1,1141,990 

672,765 

325.591* 

70,21414 

2.210,593 

1920 

1,356.621 

783.389 

I43I.866 

81,9l47 

2.653,823 

1950 

1.563,396 

955.786 

1*1*5.032 

814,1*60 

3.0146,6714 

191*0 

1,736,191 

1,089,6814 

521*.  873 

106,273 

3.I457.021 

1947 

2,233,000 

1,517,000 

1488,000 

91,000 

14.329. 000 

V 


The  shift  in  the  production  of  lumber  from  the  Great  Lakes 
region  to  the  Pacific  Northwest  caused  the  large  increase  of  population 
in  the  1900-1910  decade.  From  I9IO  to  I9I4O  the  population  growth  was 
rather  steady. 

World  War  II  effected  the  greatest  change  thus  far  in  the  popu- 
lation of  the  region.  The  development  of  huge  water-power  projects  and 
the  location  of  large  war  materials  industries  and  shipbuilding  have  con- 
tributed to  an  increase  in  population  by  I9I47  as  large  and  in  some  cases 
even  larger  than  was  expected  by  I96O,  in  estimates  made  as  late  as  19i42, 

Population  data  from  I89O  to  I9I45  are  shown  by  F.P.C.  subareag 
on  Table  No.  II-l. 

The  I9I4O  distribution  of  the  region's  population  between  urban, 
rural  nonfarm  and  rural  farm  localities  in  the  various  subareas  is  shown, 
on  a  percentage  basis,  on  Table  No.  II-2.  Comparable  data  for  the  United 
States  as  a  whole  are  also  included.  It  is  to  be  noted  that  US.ll  percent 
of  the  region's  population  was  classified  as  urban  in  I9I4O  as  compared  to 
56.52  percent  for  the  nation. 

The  population  of  the  Pacific  Northwest  is  concentrated  largely 
in  the  Puget  Sound  and  the  Willamette  Valley  sections  west  of  the  Cascade 
Mountains.  In  191*0,  four  communities  accounted  for  25.7  percent  of  the 
population  of  the  region. 


Community 

Seattle,  Washington 
Portland,  Oregon 
Spokane,  Washington 
Taooma,  Washington 

Total 


19l*Q  Population 

368,302 

305.391* 
122,001 
109,1*08 

905,105 


P.S.A. 

1*3 

l4l*.A 

1*2 

1*3 
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Table  Ho.   I I -2 

Federal  Power  Commisaion 
San  Francisco  Regional  Office 

Pacific  Northwest  Review  Report 

PERCENT  DISTRIBOTION  OF  POPULATION  BY  AREAS 

19U0 


Area  or 
Subarea 


Rural 


Urban 


Total 


Nonfarm 


30-A 

30.65 

lU-A 

31.70 

i4l-B 

35.58 

Ul-C 

5I4.38 

I42 

I4I.I5 

i43 

59.01 

Hx'k 

53.65 

14/4-3 

32.75 

I45-A 

31*.  81 

i45-B 

I47.75 

Total 

Pacific  NW 

Region 

I48.II 

Total 

United  States  l/ 

56.52 

69.35 

68.30 

6]4.i42 

65.62 

58.85 
I4O.99 
I46.35 
67.25 
65.19 
52.25 


51.89 
143.^ 


36.I45 
23.02 

25.25 
33.23 
30.9I4 
26.02 
26.26 
32.62 
37.1*0 
23.39 


27.98 


20.53 


Farm 


52.92 

i*5.28 

39.17 
52.39 
27.91 
II4.97 
20.09 

3I4.65 
27.79 
28.86 


25.91 


22.95 


Source  t  U*  S.  Census  for  I9I4O. 

1/  16th  Census  of  the  U.  S.,  19^0,  Series  P-10.  No.  2,  February  27,  19li2. 
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Of  these  four  cities,  Seattle,  Portland  and  Tacoma,  are  located 
west  of  the  Cascades,  iriiile  Spokane  constitutes  the  most  important  popula- 
tion center  in  the  "Inland  Empire'*. 

Outside  the  Puget  Sound-Cowl its -Willamette  districts,  the  popu- 
lation ©enters  are  located  in  the  vicinity  of  irrigated  valleys  such  as 
the  Yakima,  Wena tehee  and  Walla  Walla  districts  in  Washington;  the  Hood 
River,  Umatilla.  Klamath  and  Rogue  River  districts  in  Oregon;  the  Reclama- 
tion districts  along  the  Snake  River  such  as  Payette,  Boise,  Minidoka,  etc., 
in  Idaho;  and  the  Kalispell  and  Missoula  districts  in  western  Montana. 

The  remainder  of  the  region  is  sparsely  settled  due  principally 
to  the  arid  or  mountainous  nature  of  its  terrain. 

Population  Estimates 

The  population  in  Ifcishington,  Idaho  and  in  Oregon  increased  from 
about  3»551  thousand  persons  in  19^0  to  about  h,2^Q   thousand  in  19U7,  an 
increase  of  26.5  percent  caused  principally  by  a  net  in -migration  of  about 
600,000  persons.  Most  of  this  in-migration  was  caused  by  war-accelerated 
industrial  growth,  much  of  which  has  become  permanently  established. 

There  has  also  been  a  considerable  shift  in  population  during  the 
war  years  from  the  rural  areas  to  the  urban  areas.  About  792,000  persons 
in  the  three  states  in  I9I4O  were  living  on  farms.   This  population  de- 
creased to  about  7Ul,000  in  19^3 •  • 

In  making  estimates  of  the  I96O  population  the  Bureau  of  the 
Census  report,  "Forecast  of  the  Population  of  the  United  States  19/^5-1975", 
has  been  used  as  a  guide.  The  Bureau  of  Census  has  estimated  an  increase 
of  11,1  percent  for  the  United  States  from  191*5  to  I96O.  This  estimate 
is  on  the  basis  of  medium  fertility  and  mortality  and  500,000  net  immigra- 
tion during  each  five-year  period. 

In  view  of  the  past  growth  of  population  in  the  Pacific  Northwest 
in  relation  to  the  United  States  as  a  whole;  the  rapid  increase  in  popula- 
tion in  the  area  during  the  war  years;  and  the  anticipated  increase  in 
industry  in  the  future,  it  is  estimated  that  the  growth  in  this  area  will 
be  considerably  greater  than  for  the  nation  as  a  whole.  From  191*0  to  19li5 
the  percentage  increase  of  the  region  was  almost  three  times  as  great  as 
for  the  nation.  It  is  estimated  that  the  increase  of  the  region  between 
191*5  and  i960  will  be  22.1  percent. 

Table  No.  II-3  shows  the  past  and  estimated  I960  population  for 
the  Pacific  Northwest  region  and  its  relation  to  the  population  of  the 
United  States.  It  alsp  shows  the  percentage  growth  between  census  years 
and  that  estimated  for  the  future. 

Table  Ho.  II-I4  shows  by  F.P.C.  .subareas  the  I93O  and  I9I4O  popu- 
lation by  urban,  rural  nonfarm  and  farm  classifications  and  the  estimated 
population  by  these  classifications  for  I960.  Also  shown  is  the  19^5 


1^ 


farm  population.  In  determining  the  distribution  of  population  in  I960, 
consideration  was  given  to  the  additional  farms  irtiich  will  be  created  by 
proposed  Reclamation  projects  in  the  Pacific  Northwest. 
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Table  Mo>   II-3 

Federal  Power  Commlasion 
San  Francisco  Regional  Office 

Piacifie  northwest  Reriew  Report 

PAST  AND  ESTIMATED  I96O  POPUUTIOM 
PACIFIC  NbRTHWEST   l/  k^  rfAtI6tl 


Year 


opulation T 
s    Pacific   t 
I  Northwest   s 


t 

Percent   t 
Increase   i 


opulation 
of  the 
United  States 


t 

t  Percent 

I  Increase 


1890 

761,969 

1900 

1,128.900 

1910 

2,210,593 

1920 

2.653.822 

1930 

3,0/46.675 

19i|0 

3.1*57.021 

19i*5 

i*.  037. 556 

191*7 

2/ 

Estimated 
i960 

1+,  950.  000 

i|8.2 
95.8 
20.1 
11*.  8 

13.5 
16.8 


22.1  ^/ 


62,91*7,711* 

75.991*.  575 

91.972,266 

105,710,620 

122,775.0146 

131,669.275 
139.621.000 
11*2.186,000 

155.075.000 


20.7 
21.0 

ll*.9 
16.1 

7.2 
6.0 


11.1  3/ 


1/  Does  not  include  Deer  Lodge  and  Silver  Bow  Counties  in  Montana  which 

are  included  in  B.P.A.   report. 
2/  Not  available  for  area.     Population  of  %ishington.  Oregon  and  Idaho 

is  1*.199.000. 
j/  Increase  over  19l*5« 
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Past  Power  Recjuirements 

The  information  on  past  utility  requirements  was  obtained  from 
annual  Power  System  Statements  filed  with  the  Commission  by  the  electric 
power  systems  of  the  region,  and  from  data  which  had  been  compiled  by  the 
Comission  in  previous  studies  relating  to  the  area.  Data  in  regard  to 
industrial  power  generation  and  use  were  secured  principally  from  Commis- 
sion published  and  unpublished  tabulations  of  the  results  of  questionnaire, 
to  industrial  establishments.  The  coverage  can  be  considered  complete  for 
all  practical  purposes,  since  requirements  of  any  small  utilities  or  indus- 
tries not  Included  in  the  data  are  estimated  to  be  less  than  one-half  of 
one  percent  of  the  total  load  of  the  region. 

Historical  Trends  and  Power  Requirements 

*u  *.     Electric  power  use  is  recognised  as  an  excellent  indicator  of 
the  trend  of  the  nation's  industrial  economy.  In  general,  the  power  re- 
quirements of  the  region  during  the  past  years  have  reflected  the  prevail- 
ing business  and  economic  conditions. 

The  past  power  requirements  by  subareas,  areas  and  for  the  region 
are  shown  on  Table  No.  II-5  for  the  period  1929  through  191^6.  The  table 
includes  data  for  utilities  and  also  for  industrial  plants  which  have  their 
own  generation.  Records  of  industrial  plants  do  not  cover  the  entire  per- 
iod but  are  fairly  complete  from  1939  through  19l*5.  This  table  also  gives 
the  total  power  requirements  for  the  region  under  study  from  1902  to  19i46. 

As  will  be  noted  from  the  data  in  Table  No.  II-5,  the  energy  re- 
quirements of  the  utility  systems  dropped  off  in  the  years  I93I  to  I935 
the  minimum  for  the  region  being  3,577  million  kilowatt  hours  for  the  yiar 
I  1  ^i  I^f  is  a  reduction  of  about  II4.3  percent  from  the  previous  high  of 
U,176  million  kilowatt  hours  reached  in  1930.  However,  except  for  these 
depression  years  and  the  brief  decline  after  the  end  of  World  mr   II  there 
has  been  a  steady  growth  throughout  the  past.   The  wartime  high  of  16,107 

"  :\°?,*^^^°***^  ^°'^'*'  *^*^  ^   corresponding  maximum  demand  of  2,681  thou- 
sand kilowatts  was  reached  in  19Uh.     Energy  requirements  fell  off  to  15.097 
million  kilowatt  hours  in  191*5  and  li*, 6/46.  million  kilowatt  hours  in  19iiS 
due  to  the  termination  of  hostilities  and  decline  in  heavy  industrial  use. 
particularly  aluminum  reduction.  However,  the  maximum  demand  in  the  region 
reached  an  all-time  high  in  19^46  of  2,988  thousand  kilowatts.   The  utility 
19^!^  '•^^l^i^-enionts  for  the  year  19ii7  exceeded  the  maximum  requirements  of 

In  addition  to  the  utility  requirements  discussed  above,  indus- 
trial plant  generation  for  own  use  was  more  than  a  billion  kilowatt  hours 
annually  between  I939  and  19li5. 
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Estimates  of  Future  Loada 

The  rate  of  growth  of  electric  power  loads  hare  been  estimtod 
by  considerations  of  such  factors  as  low-cost  power,  probable  industrial 
and  economic  developments  in  the  region,  and  past  trends  of  electric  energy 
requirements  • 

The  estimates  of  the  energy  use  in  I96O  for  each  classification 
are  discussed  in  the  following  paragraphs. 

Future  Sales  to  Rural  and  Residential  Customers 

In  a  study  of  past  sales  of  energy  to  rural  and  domestic  custo- 
mers, as  reported  by  utilities  to  the  F.P.C.,  it  was  found  that  the  wthod 
of  classifying  sales  varied  between  utilities  and  also  from  period  to  per- 
iod.  In  some  cases  energy  sold  to  urban  and  rural  customsrs  was  reported 
as  sales  to  domestic  customers.   In  other  cases  where  these  sales  were 
previously  reported  separately,  they  were  later  combined  as  one  classifi- 
cation. For  these  reasons,  it  was  necessary  to  combine  rural  and  residen- 
tial sales  as  one  classification  in  order  to  show  a  true  trend  of  past  use. 

Future  rural  and  residential  power  requirements  have  been  esti- 
mated on  the  basis  of  the  number  of  electrified  homes  in  relation  to  the 
population  and  the  expected  annual  use  per  customer  based  on  past  trends. 
The  following  paragraphs  indicate  in  detail  the  method  used  in  arriving  at 
an  estimate  of  the  number  of  customers  and  the  annual  use  per  customr  In 
i960. 

In  191*0  the  average  number  of  persons  per  occupied  dwelling  was 
3.11  in  urban  areas,  3.68  on  farms  and  3.37  in  rural  nonfarm  dwellings. 
These  ratios  were  used  for  estimating  the  potential  number  of  occupied 
dwellings  in  the  region  in  I96O.  All  urban  occupied  dwellings  wore  con- 
sidered as  being  electrified  in  I96O  and  95  percent  of  the  rural  nonfana 
and  farm  dwellings.  A  slight  adjustment  has  been  made  in  farm  customers 
to  allow  for  farms  that  have  more  than  one  dwelling. 

The  average  annual  use  per  rural  and  residential  customer  for 
the  region  has  more  than  doubled  in  a  period  of  six  years,  increasing 
from  1,586  kilowatt  hours  in  191^0  to  5,190  kilowatt  hours  in  I9I16.   Th« 
use  per  customer  and  the  rate  of  growth  has  varied  considerably  in  the 
various  power  supoly  areas.   In  191*0  the  lowest  use  was  1,061  kilowatt 
hours  in  Subarea  U5-B,  while  the  highest  was  2,170  kilowatt  hours  in  Sub- 
area  U5-A.   In  19/46  the  low  was  1,81*0  kilowatt  hours  in  Subarea  ^-C  and 
the  high  was  3»639  kilowatt  hours  in  Power  Supply  Area  l^.     The  least 
increase  in  use  per  customer  (36  percent)  between  I9I4O  and  19i^  was  In 
Subarea  l+l-A.  The  greatest  increase  in  this  period  was  in  Power  Supply 
Area  U3  where  the  use  per  customer  increased  II6  percent.   It  is  estimated 
that  average  annual  use  per  customer,  for  the  region,  in  I96O  will  be  about 
twice  the  annual  use  in  I9I46.  This  estimate  is  based  in  part  on  the  ex- 
pected increase  in  residential  use  of  electric  energy  for  space  heating. 
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Table  No.  II-6  shows,  by  power  supply  areas,  the  number  of 
customer 8,  use  per  customer  and  total  use  for  rural  and  residential  custo« 
mers  for  certain  past  years  and  estimates  for  I960. 

Estimated  Future  Sales  to  Commercial  Customers 

Sales  of  electric  power  to  wholesale  and  retail  stores,  to  per- 
sonal service,  offices  and  establishments,  repair  shops,  amasement  aind 
recreation  establishments,  restaurants,  hotels,  etc.,  for  lighting,  heat- 
ing, cooking,  the  operation  of  small  motors,  and  for  similar  uses,  are 
included  under  the  classification  "commercial  sales"* 

Growth  in  the  volume  of  energy  sold  to  commercial  customers  in 
the  region  has  been  steady  (except  for  a  few  years  during  the  decade 
1930-19UO).  The  annual  use  of  electric  energy  by  commercial  establish- 
ments in  1930  was  over  575  million  kilowatt  hours  and  by  I9I45  the  annual 
use  amounted  to  l,i^h  million  kilowatt  hours,  about  2.5  times  the  19)0 
requirements.  It  is  estimated  that  continued  expansion  of  population  and 
commercial  business  in  the  region  will  bring  the  total  annual  use  of 
electricity  for  this  purpose  to  about  3,812  million  kilowatt  hours  in 
i960,  approximately  2.6  times  the  19^5  total. 

Table  No.  11-7  shows  the  past  and  estimated  I96O  cOBnercial  us« 
for  each  of  the  load  areas.   The  use  per  capita  and  the  use  per  custoaar 
shown  on  the  table  were  factors  used  in  making  the  estimates.  Considera- 
tion was  also  given  to  the  ratio  of  domestic  to  commercial  requireawnts. 
and  past  trends  of  growth  in  the  commercial  classification. 
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Estimated  Future  Indus trial  Load 

As  a  groundwork  for  arriving  at  estimates  of  future  industrial 
loads,  a  study  was  made  of  the  past  power  requirements  of  this  class.  In 
the  states  of  Oregon,  Washington  and  Idaho  during  the  period  I93O  to  191*0 
the  use  by  all  utility-served  industries,  excluding  aluminum,  increased 
from  l.ii  billion  kilowatt  hours  to  1,9  billion  kilowatt  hours,  or  an  in- 
crease of  almost  36  percent.   Between  1914©  and  I9I4I1  the  requirements  of 
this  class  increased  to  l|.l  billion,  an  increase  of  II5  percent.  This 
fell  off  some  at  the  end  of  the  war,  but  the  19i4U  wartime  maximum  was  ex- 
ceeded in  1914,7. 

The  aluminum  industry  started  operation  in  the  Pacific  Northwest 
in  I9UO;  in  19l4i  it  required  5.2  billion  kilowatt  hours.  With  the  end  of 
the  war  the  requirements  decreased  rapidly  but  at  the  present  time  (19I4S), 
the  industry  is  operating  at  near  maximum  capacity. 

The  i960  utility  requirements  for  the  total  region,  excluding 
aluminum,  have  been  estimated  at  about  9.3  billion  kilowatt  hours  and  the 
aluminum  industry  at  11.7  billion  kilowatt  hours,  iMiking  total  industrial 
requirements  in  I96O  approximately  21  billion  kilowatt  hours.   The  bases 
for  these  estimates  are  discussed  in  the  following  paragraphs. 

It  is  assumed  that  this  country  will  not  be  engaged  in  a  major 
war  between  now  and  I96O,  and  that  national  security  requirements  during 
this  period  will  not  greatly  exceed  their  presently  contemplated  levels. 
It  is  further  assumed  that  there  will  be  zk>  serious  economic  disturbance 
during  the  period  in  question. 

The  total  industrial  load  in  I96O  will  be  mde  up  of  the  power 
requirements  of  the  presently  existing  industries  and  new  industries  which 
will  be  brought  into  the  area  between  now  and  I96O.  In  estimating  the 
industrial  loads  that  will  be  served  by  electric  utilities  of  the  region, 
the  industry  was  divided  into  the  following  classes s 

1.  General  Industry 
2*  Aluminum  Industry 
5«  Major  New  Industries 

!•  General  Industry;  The  power  requirements  of  this  classifi- 
cation include  those  of  plants,  both  large  and  small,  which  are  presently 
in  operation  in  the  region,  exclusive  of  the  aluminum  industry  and  in- 
creases due  to  normal  industrial  development  and  expansion.   In  this  group 
are  the  following  industries:  Lumber,  mining,  chemical,  steel,  cement  and 
many  others.  The  future  requirements  of  these  industries  were  estimated  on 
the  basis  of  past  trends  and  the  consideration  of  factors  such  as  low-cost 
power,  growing  population,  availability  of  natural  resources,  etc.  The 
utility  loads  of  this  class  are  estimated  to  increase  from  3.5  billion 
kilowatt  hours  in  19ij6  to  slightly  over  7-9  billion  kilowatt  hours  in  I96O. 
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2.  Aluminuir  Industry:  In  19U8  almost  half  of  the  nation's 
operating  primary  aluminuir  reduction  capacity  was  in  the  Pacific  North- 
west.  The  specific  location  and  capacity  of  each  Northwest  rediKStion  unit 
is  shown  on  Chart  No.  I 1-2.  Since  by  far  the  greater  part  of  the  region's 
production  of  the  iretal  enters  the  national  market,  the  degree  and  rate 
of  growth  anticipated  for  that  rarket  will,  in  part,  determine  the  extent 
of  growth  of  the  Northwest's  aluirinuip  operations. 

It  is  believed  that  the  potential  alur^inum  market  will  depend 
prirarily  on  the  following  two  considerations  1 

First,  the  normal  development  of  new  uses  for  aluminum—  a  con- 
paratively  new  material  with  many  distinctive  properties  and  characteris- 
tics—and a  more  intensive  use  of  the  metal  in  certain  proven  fields. 

Second,  the  anticipated  expansion  of  our  national  secxirity  pro- 
grarr  which  will  place  increasing  demands  on  the  aluminum  industry  in  the 
immediate  future. 

During  the  past  few  years  aluminum  has  displaced  several  other 
materials  to  a  significant  extent— particularly  in  the  building  materials, 
construction  and  electrical  goods  industries.  It  will  be  difficult  to 
know  the  exact  extent  to  which  the  displacement  of  steel  in  the  building 
materials  and  construction  fields  is  permanent  until  the  present  steel 
shortage  is  alleviated.  Nevertheless,  on  the  basis  of  views  expressed  by 
spokesmen  of  various  related  industries,  it  appears  safe  to  assume  tl»t 
this  trend  will  continue  but  at  a  diminishing  rate  as  the  steel  supply 
becomes  more  balanced  and  as  new  competitive  materials  are  placed  on  the 
market.  On  the  other  hand,  a  partial  displacement  of  copper  in  the  pro- 
duction of  wire  and  cable  will  probably  continue  throughout  the  next 
decade* 

The  suitability  and  in  some  cases  superiority  of  aluminun  for 
numerous  and  diverse  uses  has  been  demonstrated  on  both  a  commercial  axtd 
experimental  basis.  It  is  believed  th^t  many  of  those  applications  still 
in  the  e  xperimental  stage  will  be  feasible  of  commercial  development  dur- 
ing the  next  decade. 

In  addition  to  what  might  be  termed  a  normally  increasing  demand 
for  this  comparatively  new  metal  are  the  rapidly  mounting  aluminun  re- 
quirements of  our  expanding  military  establishment.  The  necessity  for 
making  armamemts  light  to  the  point  where  they  can  be  readily  airborne  is 
resulting  in  a  proportionate  increase  in  the  use  of  the  "light  metals" 
for  their  construction. 

In  I9U7  the  Secretary  of  the  Interior  estimated  1/  that  by  I952 
the  total  production  and  apparent  consumption  of  primary  aluminum  in  tbo 

y     "National  Resources  and  Foreign  Aid",  Report  of  J.  A.  Krug, 
Secretary  of  Interior,  October  9.  19U7,  Pg.  6l« 
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United  States  would  reach  600  thousand  tons;  by  contrast  in  the  early  part 
of  19^46,  informal  industry  estimates  irtiich  contemplate  increased  military 
demand  placed  1952  requirements  in  excess  of  1  million  tons.  It  is  true 
that  the  Secretary's  estimate  was  made  at  a  time  when  the  probable  impact 
of  the  nation ♦s  security  program  on  the  aluminum  industry  was  not  fully 
apparent I  on  the  other  hand,  there  is  some  reason  to  believe  that  the 
industry  has  been  over -optimistic  in  estimating  the  rate  of  expansion  of 
its  future  market,  for  it  is  quite  probable  that  if  military  requirement* 
increase  considerably  beyond  their  present  level,  concurrent  political  and 
economic  considerations  will  necessitate  the  imposition  of  measures  to 
curtail  civilian  uses  of  the  metal.  Present  indications  seem  to  point  to 
a  1952  production  level  somewhere  between  the  national  requirements  oati* 
mated  by  the  Secretary  of  the  Interior  and  the  aluminum  industry's 
estimates* 

The  present  operable  national  capacity  is  inadequate  to  meet  the 
increasing  demands;  consequently,  if  the  aluminum  industry  is  to  take 
advantage  of  its  present  and  prospective  markets,  it  must  expand  reduction 
capacity  considerably.  Moreover,  this  increase  in  reduction  capacity  must 
be  accomplished  rapidly  to  prevent  the  loss,  by  default,  of  part  of  the 
potential  market  to  producers  of  competitive  materials.   It  is  not  believed 
possible  to  provide  sufficient  hydro  power  in  the  next  few  years  to  permit 
the  nation's  aluminum  industry  to  expand  with  the  indicated  speed;  however, 
it  is  felt  that  a  considerable  expansion  of  aluminum  reduction  capacity  oaa 
be  accomplished  in  the  imnediate  future  through  the  construction  of  rela- 
tively low-cost  fuel-electric  plants. 

It  is  believed  that  the  rate  at  which  the  nation's  alumlnua 
industry  expands  between  now  and  196O  will  reach  its  peak  in  the  first 
half  of  the  period  for  the  following  reasons: 

1.  The  present  wave  of  industrial  expansion,  which  is  opening  maij 
new  markets  for  aluminum,  will  probably  have  subsided  within  the 
first  part  of  the  period. 

2.  The  current  steel  shortage,  which  is  unquestionably  stiawlating 
the  use  of  aluminum,  should  be  less  acute  in  the  course  of  the 
next  few  years. 

3.  The  improvement  of  ferrous  alloys  and  synthetic  products  now  on 
the  market,  as  well  as  the  anticipated  development  of  new  Hite« 
rials  and  a  variety  of  synthesized  agricultural  derivatives,  will 
probably  make  appreciable  and  successively  deeper  inroads  into 
that  market  which  is  feasible  to  aluminum. 

h»       Aluminum,  being  a  comparatively  new  material,  is  still  being 
used  experimentally  in  many  applications  for  which  other  mte- 
rials  may  be  more  appropriate.  As  the  properties  and  charac- 
teristics of  the  metal  become  more  generally  known  in  compari- 
son with  competitive  materials,  its  fields  of  application  will 
become  more  sharply  defined. 
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In  consideration  of  the  foregoing,  it  is  estimated  that  the 
total  primary  aluminum  requirements  of  the  United  States  will  reach 
approxir-+ely  980  thousand  tons  ty  1955  and  1,200  thousand  tons  by  I960. 


The  extent  to  which  the  Northwest  will  share  in  the  contemplated 
national  market  will  be  determined  largely  by  the  availability  of  low-cost 
power  in  that  region.  The  three  producers  have  indicated  a  preference  for 
locating  50  to  75  percent  of  all  new  reduction  capacity  in  the  Northwest 
if  sufficient  power  at  low  enough  rates  can  be  provided. 

The  possibilities  of  this  industry's  obtaining  appreciable 
amounts  of  additional  power  in  the  Northwest  within  the  next  few  years  are 
not  encouraging,  even  if  cost  were  not  a  factor.  The  region  is  presently 
facing  a  severe  power  shortage  which  cannot  be  alleviated  until  after 
195U  even  if  tentative  construction  schedules  are  met.  It  therefore 
appears  that  any  major  expansion  of  the  aluminum  industry  which  takes 
place  between  now  and  1955  will,  of  necessity,  occur  in  areas  other  than 
the  Pacific  Northwest. 

The  problem  of  national  security,  quite  apart  from  that  of 
power  supply,  will  probably  influence  the  location  of  immediately  con- 
templated new  reduction  capacity.  If  an  ample  power  supply  at  reasonable 
rates  can  be  obtained  elsewhere,  it  is  believed  that  the  interests  of 
national  security  would  preclude  any  large-scale  expansion  of  the  North- 
west's aluminum  capacity  because  of  the  extent  to  which  the  industry  is 
presently  concentrated  there.  In  view  of  this  consideration,  it  is  felt 
that  even  if  sufficient  power  could  be  made  available  rapidly  enough  at 
satisfactory  rates,  a  considerably  smaller  increase  of  the  region's  alumi- 
num capacity  than  that  desired  by  the  industry,  may  be  expected  during  the 
next  several  years. 

Since  a  rapid  and  substantial  increase  in  primary  aluminum  pro- 
duction is  indicated,  it  will  be  necessary  to  locate  a  large  part  of  the 
new  capacity  contemplated  for  the  immediate  future  in  regions  other  than 
the  Northwest.  Once  located  elsewhere,  there  are  a  number  of  factors 
i^ich  will  render  unlikely  a  subsequent  relocation  of  aluminum  capacity 
in  the  Northwest  as  larger  amounts  of  new  hydro  power  become  available 
there.  The  probable  slight  difference  in  the  cost  between  new  hydro 
energy  in  the  Northwest  and  thermally  generated  energy  in  the  Gulf  Area, 
for  example,  would  not  warrant  the  cost  of  dismantling  and  moving  rela- 
tively new  reduction  plants;  furthermore,  it  is  quite  likely  that  the 
Southern  Area's  slightly  higher  power  rates  would  be  offset  by   the  elimi- 
nation of  that  cross-hauling  which  is  necessary  for  the  Northwest's  alumi- 
num reduction  operations. 

The  various  points  mentioned  lead  to  the  conclusion  that  des- 
pite the  industry's  expressed  preference  for  the  region,  the  Northwest's 
primary  aluminum  capacity  will  expand  very  slowly  during  the  next  six  or 
seven  years,  unless  it  is  done  at  the  expense  of  other  industrial  growth. 
Between  1955  and  I960  when  the  power  situation  will  probably  have  been 
eased,  the  reliability  and  low  cost  of  the  region's  additional  hydro 
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energy  will  be  conducive  to  a  more  rapid  expansion  of  the  aluminvun  indus- 
try in  the  Northwest  than   in  other  areas  of  the  country.  Under  these  cir- 
cumstances, the  annual  rate  of  production  estimated  for  the  Northwest  by 
I960  is  about  65O  thousand  tons. 

The  power  necessary  to  serve  this  rate  of  production  amounts  to 
11,700  million  kilowatt  hours. 

3-  Major  New  Industries;   Besides  the  expansion  of  existing 
industries,  it  is  probable  that  the  following  seven  commodities  will  be 
in  production  in  the  Northwest  by  I96O: 


Artificial  abrasives 
Electrolytic  manganese 
Stainless  steel 
Phosphates 


Phosphoric  acid 
Phosphate  fertilizers 
Cellulose  acetate  products 


Although  the  chemical  fertilirers  industry  has  been  operating  in 
the  region  for  the  past  several  years,  it  is  included  in  the  new  industrj' 
group  because  the  enormously  increased  rate  of  production  contemplated  will 
make  it  second  only  to  the  aluminum  industry  among  the  region's  heaviest 
potential  power  consumers. 

An  F.P.C.  study  of  the  seven  industries  in  this  group  indicates 
that  with  the  exception  of  acetate  products,  B.P.A.'s  minimum  estinates 
for  their  possible  development  by  I96O  are  reasonable.  Therefore,  B.P.A.'s 
minimum  estimates  for  the  first  six  industries  in  this  group  have  been 
adopted.  The  pertinent  factors  relative  to  estimates  for  the  future  pro- 
duction of  cellulose  acetates  products  are  set  forth  in  the  following 
paragraphs. 

Cellulose  Acetate  Products 

The  recently  announced  intention  of  one  producer  of  cellulose 
acetate  products  to  operate  an  acetate  pulp  plant  in  Oregon  is  consistent 
with  the  chemical  industry's  policy  of  regionalizing  its  operation  insofar 
as  markets  and  the  economics  of  production  will  permit.   The  competitive 
policies  of  this  particular  industry  make  it  reasonable  to  assume  that  one 
plant  in  addition  to  the  one  mentioned  above  will  be  established  in  the 
Northwest  by  I96O.   It  is  assumed  that  these  plants  will  produce  acetate 
pulp  and  possibly  such  finished  products  as  cellophane  and  synthetic 
moulding  compounds. 

Doubtless  the  Western  market  for  these  finished  acetate  pro- 
ducts will  continue  to  expand;  however,  there  is  little  reason  to  believe 
that  its  center  will  shift  from  California  to  the  Northwest  in  the  course 
of  the  next  fifteen  years.   In  fact,  the  strong  likelihood  of  a  mrked 
expansion  in  the  production  of  both  synthetic  acetate  pulp  and  finished 
acetate  products  in  California  and  possibly  Nevada  will  limit  the  North- 
west's potential  inter-regional  market  for  these  commodities. 
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The  industry  would  rely  primarily  on  the  region*!  stands  of  west- 
em  hemlock,  and  to  a  lesser  degree  on  wood-waste  for  the  required  fibrous 
raw  material.  Although  the  stands  of  hemlock  are  of  considerable  magnitude, 
a  high  proportion  of  them  ere  widely  dispersed  among  other  species.  It  is 
reasonable  to  assume  that  any  acetate  pulp  plants  to  be  built  in  the  region 
will  be  located  near  the  concentrated  stands.  Expansion  of  the  industry, 
once  it  is  established  in  the  Northwest,  may  be  limited  by  the  ability  of 
producers  to  acquire  logs  economically  from  the  dispersed  stands  of  hemlock. 
In  the  matter  of  raw  materials  supply,  it  should  be  further  noted  that  the 
amount  of  wood-waste  available  is  steadily  declining  due  to  improved  methods 
of  various  forest  products  industries,  hence  the  acetate  pulp  industry  will 
neoessarily  be  chiefly  dependent  on  the  region's  supply  of  logs. 
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In  view  of  these  limiting  factors,  it  is  estiiMted  that  the 
■urn  rate  at  which  the  Northwest  is  likely  to  be  producing  all  cellulose 
acetate  products  by  I96O  is  3l;,0CX)  tons  per  year.  The  total  energy  con- 
sumption at  this  rate  would  be  about  I90  million  kilowatt  hours  annually. 
Since  the  technical  processes  involved  in  the  production  of  acetate  pulp 
make  it  eeonomically  feasible  for  the  industry  to  generate  approxinmtely 
80  percent  of  the  energy  used,  it  is  anticipated  that  this  industry  will 
only  purchase  about  38  million  kilowatt  hours  annually. 


It  was  noted  above  that  B.P.A.*s  minimum  estimates  for  the 
regional  development  of  all  but  one  of  the  seven  new  industries  have  been 
adopted.  Therefore,  those  data  concerning  new  industries  which  are  perti- 
nent to  this  report  may  be  tabulated  as  followsi 
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Estimated  Rate  of  Production  and  Energy  Consumption 
of  Major  New  Industries  by  I96Q 


Industry 

Artificial  abrasives 
Electrolytic  manganese 
Stainless  steel 
Phosphates 
Phosphoric  acid 
Phosphate  fertilizers 
Cellulose  acetate  products 

Total  energy  consumption 


Tons 

18,000 
7,000 
6,000 

27.100 

Uoo,ooo 

25U,900 
5U.OOO 


Millions  of  Kwh 

100 

63 
7 
183  1/ 

11  1/ 

38  ±/ 


1.319 


1/     Idaho  only  -  ri.P.A.*s  minimum  estimate  includes  Montana  (outside 
studies  by  F.P.C.),  and  British  Columbia  production. 

2/  Purchased  energy  only;  total  consxunption  is  estimated  at  189  million 
"*   kilowatt  hours. 

In  addition  to  the  energy  sold  by  utilities  for  industrial  pur- 
poses, there  are  quite  a  number  of  plants  that  generate  all  or  a  large  part 
of  the  energy  used  in  their  operations.   These  plants  are  principally  the 
ones  which  require  steam  in  the  processing  of  their  materials  or  use  waste 
wood  as  a  source  of  cheap  fuel.   They  include  sugar  refineries,  food  pro- 
cessing, pulp  and  paper  products,  mining,  smelting  and  lumber.   The  total 
generation  of  energy  by  these  industries  for  their  own  use  ranged  from 
1,055  million  kilowatt  hours  in  1939  to  a  maximum,  or  1,306  million  kilo- 
watt hours  in  19i|2. 

In  the  future  some  of  these  industries  will  probably  discontinue 
the  generation  of  electric  power  for  their  own  use.   As  generating  capacity 
becomes  worn  out  or  obsolete,  the  industry  will  replace  part  of  its  output 
by  purchase  of  low-cost  power.   However,  it  is  estimated  that  industry  will 
generate  approximately  one  billion  kilowatt  hours  for  its  own  use  in  I96O. 

In  summation,  the  known  and  estimated  geographical  distribution 
of  the  region's  total  energy  requirements  for  industrial  use  are  shown  for 
the  past  and  the  future  by  pojirer  supply  areas  on  Table  No.  II-8.   It  is 
evident  from  this  table  that  the  rates  at  which  energy  consumption  is  ex- 
pected to  increase  for  industrial  use  other  than  aluminum  reduction  are 
greatest  in  Idaho.  This  is  due  primarily  to  the  enormous  anticipated  ex- 
pansion of  the  phosphate  fertilizer  industries  in  the  southern  part  of 
this  state. 

If  the  phosphate  and  phosphate  fertilizer  industries  as  well  as 
the  aluminum  industry  are  eliminated  from  consideration,  it  will  be  evident 
that  the  rate  of  industrial  development  expected  in  each  power  market  area 
does  not  change  the  established  intraregional  pattern  of  industrial  activity. 
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Basentially,  tho  lort)iw»st*t  industrial  looation  pattarn  was  sot 
■•▼•ral  daeadet  ago  by  the  concentration  of  population  prlnarlly  In  the 
wsttem  parts  of  the  coastal  states  of  Oregon  and  Washington.  The  growth 
of  other  areas  within  the  region  has  been  slow,  depending  alnost  entirely 
upon  the  de'velopment  of  alnlng  and  agriculture*  Sporadic  increases  such 
as  that  expected  in  the  phosphate  and  phosphate  fertiliser  Industries  in 
Idaho  are  the  exceptions  rather  than  the  rule* 

The  greater  part  of  the  Northwest's  priaary  aluninum  reduction 
industry  is  presently  located  in  Washington  and  Oregon  near  existing 
sources  of  power  and  near  ports  through  which  water-borne  shipments  of  raw 
Materials  oan  be  made.  Because  of  the  more  farorable  transportation  costs 
available  to  tidewater  plants,  it  is  expected  that  the  Industry's  future 
doTelopaent  will  take  place  principally  in  those  existing  centers  of  pro- 
duction located  in  the  coastal  areas* 

Railroads  and  Railways 

The  requirements  for  electrified  railroads  and  street  railways 
in  the  region  amounted  to  271  million  kilowatt  hours  in  19U3*  ^^   increase 
of  lil   pereent  over  19l|0*  This  large  increase  was  due  principally  to  war 
oonditions*  In  19i^  the  requireneats  dropped  to  214  Billion  kilowatt  hours* 

It  is  probable,  under  normal  conditions,  that  the  future  load  of 
the  presently  electrified  railroads  and  the  loads  of  the  street  railway 
systems  will  not  exceed  the  19U3  load*  In  addition  to  this,  there  is  also 
a  load  which  will  result  from  further  railroad  electrification  that  may  be 
expected  by  I960*  Early  electrification  is  expected  on  212  miles  of  the 
Chicago,  Milwaukee,  St.  Paul  and  Pacific  Railroad  between  Avery,  Idaho, 
and  Othello,  Washington,  and  on  83  miles  of  the  Great  Horthem  Railway 
from  Skykomlsh  to  Seattle,  Washington.  Electrification  of  other  parts  of 
the  Great  Northern  is  also  expected  and  possibly  some  on  the  Northern 
Pacific  Railroad.  It  is  estimated  that  because  of  additional  electrlfiea- 
tlon,  the  railroad  and  railway  load  will  increase  to  about  I4I1O  million 
kilowatt  hours  by  196O* 

Irrigation  Pumping 

The  irrigation  pumping  load,  whioh  was  reported  by  utilities* 
aaotmted  to  118  million  kilowatt  hours  in  19^*  There  was  undoubtedly 
additional  energy  used  for  this  purpose  which  was  reported  under  another 
olassifioation  as  seme  utilities  sell  energy  for  irrigation  pumping  under 
a  General  Power  Schedule  and  report  It  as  part  of  their  industrial  load* 

Based  on  the  requirements  of  the  Bureau  of  Reolamitian  projects 
(about  2,1(00  million  kilowatt  hours)  and  the  requirements  of  indlTlduals 
and  small  groups  of  farm  operators,  it  is  estimated  that  Irrigation  pump- 
ing will  require  2,600  million  kilowatt  hours  in  I96O* 


/ 


Other  Sales 

The  sales  classification  designated  as  "Other"  includes  energy 
sold  for  street  and  highway  lighting,  other  sales  to  public  authorities  for 
municipal  purposes,  sales  to  military  establishments  and  miscellaneous 
sales  not  previously  classified.   In  19^  sales  under  this  classification 
amounted  to  529  million  kilowatt  hours  of  which  approximately  5*^  percent 
was  used  for  street  lighting,  6.9  percent  for  military  establishments  and 
the  remainder  for  municipal  and  miscellaneous  purposes* 

Estimates  of  future  loads  in  these  classifications  have  been  made 
on  the  basis  of  population  increase.   It  is  estimated  that  by  I960  these 
requirements  will  amount  to  800  million  kilowatt  hours* 

Losses,  Utility  Use  and  Energy  Unaccounted  For 

The  foregoing  estimates  of  electric  utility  energy  requirements 
for  the  various  classifications  do  not  include  transmission  and  distribu- 
tion losses,  energy  used  by  utilities  in  their  operations  and  energy  un- 
accounted for  which  must  be  added  to  the  estimates  of  classified  sales  to 
arrive  at  the  total  load  on  generating  plants* 

The  ratio  of  losses  to  sales  for  the  Pacific  Northwest  region  has 
varied  from  2l|.2  percent  in  19U0  to  16. 5  percent  in  19U5  and  I9.0  percent 
in  19^46*  The  greatest  influence  on  this  ratio  of  losses  to  sales  is  due  to 
the  industrial  requirements  which  varied  from  39*9  percent  of  the  total  sales 
in  I9UO  to  59 •5  percent  in  19i*5  and  51.1^  percent  in  19i46* 

It  is  estimated  that  losses  will  be  16.6  percent  of  the  total 
sales  in  I96O,  excluding  requirements  for  the  Grand  Coulee  irrigation 
pumping  project.  No  losses  are  allowed  for  this  project  since  the  pumps 
are  located  very  close  to  the  Grand  Coulee  generating  plant. 

Summary 

Table  No.  II-9  shows  past  energy  requirements  by  use  classifica- 
tion by  subareas  for  the  years  19^0,  19U5  and  19i|6,  and  the  estimated  re- 
quirements for  i960.  It  will  be  noted  that  the  total  energy  requirements 
of  utility  systems  for  the  year  I96O  is  estimated  to  be  U3.6  billion  kilo- 
watt hours* 
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Charts  Hot.  II-5  to  II-I3  show  in  graphleal  for«  tii«  anergy  ro- 
qulrmMAta  in  th*  past  by  araaa  or  subaraaa  and  tha  aatiaatad  raqulraaanta 
to  I960* 

Paak  Deaanda 

Table  Ho.  11-10  ahovs,  in  addition  to  tha  anargy  raquiraaanta, 
tha  noBOoinoidant  paak  damands  and  load  faotori  of  aaeh  aubaraa  or  araa 
for  paat  yaara  and  attimataa  for  the  yaar  I960. 

Tha  i960  eatinatad  annual  load  factors  for  aaoh  aubaraa  or  araa 
vara  baaad  on  a  atudy  of  the  trend  in  each  area  for  yaara  paat,  together 
with  tha  expaoted  changes  in  the  character  of  the  future  loads. 
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PART  III  -  COMPARISON  OF  B.P«A< 
AND  F.P.C.  ESTIMATES 


Introduction 


Pau"t  I  of  this  study  gare  a  brief  resume'  of  the  B.P.A.  report  on 
the  future  potrer  requirements  of  the  Pacific  Northwest.  Part  II  presented 
the  F.P.C.  study  of  the  past  and  future  loads  of  the  region.  In  this  sec- 
tion the  load  estimates  of  B.P.A.  and  F.P.C.  are  compared  and  the  dif* 
ferences  are  discussed. 

From  the  preceding  Parts  I  and  II,  it  will  be  noted  that  the 
B.P.A.  estimates  an  increase  in  peak  load  requirements  between  19U6  and 
i960  of  8,720,000  kilowatts  while  the  F.P.C.  expects  an  increase  of  about 
Uf 5^0,000  kilowatts.  This  amounts  to  arerage  increases  per  year  of 
623,000  kilowatts  and  ^10,000  kilowatts,  respectirely* 

Increases  in  federal  and  nonfederal  dependable  capacity  (actual 
19U7  and  planned  I9U8  -  193?)  amount  to  U*8U2,000  kilowatts.  Assuming 
that  the  federal  portion  of  this  program  is  approred  by  The  Congress; 
that  the  plants  come  in  as  scheduled;  and  that  the  arerage  rate  of  in- 
crease in  capacity  per  year  is  maintained  until  I960,  the  total  additional 
capacity  then  ayailable  will  be  about  6,800,000  kilowatts.  Since  reserres 
at  the  present  time  are  practically  nonexistent,  the  new  capacity  required 
to  meet  the  load  estimated  by  F.P.C.  and  to  provide  necessary  reserres 
would  be  about  6,U00,000  kilowatts.  Therefore,  it  is  evident  that 
although  load  estimates  of  the  F.P.C.  staff  are  considerably  less  than 
those  of  B.P.A.,  the  installation  of  both  federal  and  nonfederal  units 
must  be  pushed  to  com.pletion  as  nearly  as  possible  in  accordance  with  the 
schedule  in  order  to  avoid  the  necessity  of  curtailment  of  load  growth. 


Comparison  of  Estimates 

The  following  tabulation  shows  the  comparison  of  the  B.P.A. 
adopted  estimate  for  the  I960  power  requirements  in  the  Pacific  Northwest 
with  the  F.P.C.  estimate  developed  in  Part  II  of  this  study;  also  shown 
are  B.P.A* 's  maximum  and  minimum  estimates! 
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COWPARISON  OF  ESTIMATED  POyER  REQPIREyEKTS 

— P6R  PACIFIC  ttORTHVESt  R55I0K  .  1%6 

(utility  and  Industrial  Generation  for  Own  Use) 

(Million  Kwh) 


i 

3 PA  Estimate 

t      FPC 

Class  of  Customer 

Maximum 

'   Minimum 

•Adopted 

:   Estimate 

Urban  Domestic 
Rural  Non-farm 
Farm 

Space  Heating 
Subtotal 

5.003 

2.131 
1.920 

667 

9,721 

5.003 

2.131 
1.920 

667 

9,721 

5.003 

2.131 
1.920 

667 

9.721 

9,076 

Commercial 

7.200 

7,200 

7.^00 

3.812 

Industrial  1/ 
Aluminum 
Small  Industry 
Forest  Products 
Other 

3i*.ooo 
U.oU; 
3.698  , 

10,771*2/ 

2U,000   29,300   ^ 

3.983    3.999 
2,378  ,  3.038   ) 
6.35U2/io,5lU2/) 

11.700 
10,710  2/ 

Subtotal 

52,U86 

36,715 

U6,851 

22.ia0 

Irrigation 

2,286 

2,286 

2,286 

2.600 

Street  Lighting 
Miscellaneous 

226 

800 

226 

600 

226 

800 

Subtotal 

1,026 

1,026 

1,026 

600 

Total  Use 

72,719 

56,9U8 

67,08li 

38,698 

Losses 

10,181 

7.973 

9.392 

5.902 

Total  Energy  Requirements 

82,900 

6U.921 

76,U76 

UU.600 

Peak  Demand  (Thousands  of  kir) 

12,698 

10.325 

ii.euo 

7.329  y 

Load  Factor (Percent) 

7U.5 

71.8 

73.7 

6u.7y 

1/  Includes  industrial  generation  for  own  use,  (F.P.C.  estimate  one  bil- 
lion Inrh,  data  not  available  for  B.P.A.  estimate.) 

2/   Includes  requirements  for  railroads  and  railways. 

V  Peak  demand  and  load  factor  related  to  utility  requirements,  excluding 
irrigation  pximping  on  Columbia  River  Project  (2,086,000,000  kwh). 


I4I46OO  -  2086  -  1000 
8760  X  6U.7 


7329 


91 


'•( 


The  preceding  estimates  cannot  be  directly  compared  since  3. P. A. 
includes  the  energy  requirements  for  Deer  Lodge  and  Silver  Bow  counties  in 
Montana  which  are  not  included  in  the  F.P.C.  estimates.  These  two  counties 
include  the  mining  activities  of  the  Anaconda  Copper  Company  located  in  the 
vicinity  of  Butte  and  Anaconda,  The  total  I9I45  energy  requirements  in  these 
two  counties  amounted  to  approximately  6OO  million  kilowatt-hours,  or  almost 
I4  percent  of  the  entire  region. 

The  following  tabulation  shows  comparable  estimates  for  the  states 
of  Washington,  Idaho,  and  Oregon: 

Comparison  of  Estimated  Power  Requirements_ 
for  Washington,  Oregon,  and  Idaho  -  1960 
(Million  Kwh; 

BPA  Estimate FPC 

Maximum     Minimum    Adopted 


Class  of  Customer 


Estimate 


Urban  Domestic 
Rural  Nonfarm 
Farm 

Space  Heating 
Subtotal 

2,Ol40 

1,865 

637 

9.389 

1^,6147 
2,01.0 

1.865 

637 

9.389 

l*.8l47 
2,0lj0 

1,865 

637 

9.389 

8,966 

Commercial 

7,082 

7.082 

7.082 

3,766 

Industrial   l/ 

Aluminum 
Small   Industry 
Forest  Products 
Other 
Subtotal 

514,000 
3. 9145 
3,6l45 
9.810  2/ 

51. WO 

2li,000 
3.911. 
2,525 
5,390  2/ 

35.629 

29,300 
3,930       ) 
2,985       ) 
9.550  2/) 

li5,765 

11,700 
IO.I43I4  2/ 
22.13I4 

Irrigation 

2,2314 

2,?3li 

2,2314 

2,558 

Street  Lighting 
Miscellaneous 
Subtotal 

219 
77I4 
993 

219 
77I4 
993 

219 

7714 

993 

763 

Total  Use 

71,093 

55.327 

65,li63 

38.187 

Losses 

9 ,9511 

7.71^6 

9.165 

5,82l4 

Total  Energy  Requirements 

81,052 

63,073 

7I4.628 

iA,011 

Peak  Demand  ( 1.000  Kw) 

12,393 

10,020 

11,535 

7,185  3/ 

Lead  Factor   (Percent) 

7I4.7 

71.9 

73.9 

65.1  3/ 

1/  Includes  industrial  generation  for  own  use.  (F.P.C,  estimate  968  million  kwh, 
""  data  not  available  for  B.P.A.  estimate.) 
2/  Includes  requirements  for  railroads  and  railways. 

3/  Peak  demand  and  load  factor  related  to  utility  requirements,  excluding 
irrigation  pumping  on  Columbia  River  Project  (2,086.000,000  kwh) 

li4011  -  2086  -  968  «  7185 
8760  X  65.1 
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Discussion  of  Major  Differences  in  Estimates 
by  Customer  Classifications 

As  indicated  in  the  tabulation  showing  the  comparison  of  the 
two  estimates  for  the  states  of  Washington,  Oregon  and  Idaho,  there  are 
minor  differences  between  urban  domestic,  rural  nonfarm,  farm,  space  heaV 
ing,  irrigation,  street  lighting  and  miscellaneous  requirements.  These 
differences  are  not  great  and  are  well  within  the  range  of  accuracy 
obtainable.  Large  differences  exist  in  the  estimates  of  commercial  and 
industrial  loads.  These  are  discussed  in  some  detail  in  the  following 
paragraphs . 

Commercial  Requirements 

As  will  be  noted  from  the  preceding  tabulation,  B.P.A. *s  estivite 
for  i960  commercial  requirements  is  almost  90  percent  higher  than  the 
F.P.C.  estimate. 

This  difference  is  due  in  part  to  the  different  interpretations 
placed  in  this  classification.  B.P.A.  starts  with  a  base  of  2.01  billion 
kilowatt  hours  in  19^6,  whereas  F.  P.  C.  uses  1.67  billion  kilowatt  hours. 
It  is  recognized  that  there  is  considerable  room  for  differences  of 
opinion  in  classifying  sales  between  small  industrial  and  cormneVcial  and 
that  the  division  made  is  not  of  extreme  importance  as  long  as  the  same 
classification  is  maintained  throughout  the  period  under  study.  From  the 
data  presented  in  the  B.P.A.  report,  however,  it  appears  that  part  of  the 
small  industrial  load  used  in  the  commercial  classification  may  have  been 
also  used  in  the  industrial  classification.  The  data  are  so  presented 
that  definite  conclusions  on  this  point  cannot  be  reached. 

In  any  event,  the  major  difference  between  the  two  estimates 
results  from  different  assumptions  concerning  the  increase  in  the  number 
of  commercial  customers  and  the  increased  requirements  per  customer.  For 
the  states  of  Washington,  Oregon  and  Idaho,  B.P.A.  has  estimated  that  the 
number  of  customers  will  increase  by  slightly  over  100  percent  between 
19U5  and  I960,  whereas  F.P.C.  estimates  an  increase  of  but  50  percent. 
The  following  tabulation  shows  the  population  and  number  of  customers 
classified  as  "commercial  and  industrial  small"  by  E.E.I.  (B.P.A.*s  source) 
and  F.P.C.  "commercial"  classification  for  I9I4O  and  19145,  together  with 
estimates  for  I96O.  The  number  of  persons  per  commercial  customer  in 
each  year  is  also  shown. 
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Population  and  Coimperclal  Cuatowera  - 
Fashington,   Oregon,  and  Idaho "" 


B.P.A. 
Population 


P.P.C. 


Year   (Thoua.)  Cuatomers 


Persons 
/Cuat . 


Population 
(Thous.) 


Persons 
Customer 8   /Cust* 


19U0  5,350  128,116 
19U5  3»9M)  135.638 
I960    U.820    257.6UO 


26.1 
29-0 
I8.7 


3.350 
3.9UO 
U,820 


12U,67U 
125,670 
187,670 


26.9 

31  .u 

25.7 


ObTioualy  it  is  not  poaslble  to  state  categorloally  that  either 
one  or  the  other  estimate  is  correct*  HoweTer,  on  the  basis  of  past 
trends  in  both  the  Pacific  Northwest  and  In  other  areas  of  the  natian, 
the  B.P.A.  estinate  appears  high* 

The  B.P'A.  alao  eatiiaates  that  the  use  per  custoirer  will  more 
than  double  between  19U5  And  I960,  whereaa  F.P.C.  believes  that  an  in- 
crease of  75  percent  is  more  realistic*  The  -values  used  by  both  are 
shown  in  the  following  tabulations 

Comparison  of  Actual  and  Estimated 
Use  by  Cowperclal  CustomerT 


Year 


8.P.A. 
Use  per 
Customer 
(IirM 


'F.P.C. 


Total 
Requirements 
(Wllion  RwhJ 


Use  per 
Customer 
(KwKj 


Total 
Requirements 
IVillion  Kwhj 


I9U5 
I960 


13.611 
27.U88 


I.8I16 
7.082 


11,U68 
20,066 


I.I4UI 
3.766 


The  large  increase  in  use  per  customers  estimated  by  B.P.A. 
does  not  appear  to  be  consistent  with  the  expected  Increase  in  the  num- 
ber of  custorers.  If  there  were  one  commercial  customer  to  every  18 #7 
persons  living  in  the  area,  many  of  these  would  of  necessity  be  small 
establishments  using  considerably  less  than  the  present  average  consump- 
tion* 

The  total  commercial  requirements  as  reported  to  F.P.C.  in- 
creased by  157  percent  during  the  period  1930  to  19U5»  During  this  sane 
period  the  population  increased  by  almost  33  percent.  Between  19^5  *nd 
i960,  with  an  estimated  population  Increase  of  22  percent,  B.P.A.  esti- 
mates increases  in  coirrercial  requirements  of  285  percent.  The  analy- 
sis by  the  F*P*C.  staff  Indicates  an  increase  of  I6O  percent. 
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Industrial  Requirements 

B.P.A.  has  subdivided  this  classification  into  two  divisions; 
that  is  Small  Industrial  and  Large  Industrial.  Small  Industrial  Includes 
the  Food  Processing  and  All  Other  Small  Industries.  Large  Industrial  is 
subdivided  into  forest  products;  the  requirements  of  existing  aluminxa  pig 
metal  plants,  potential  loads  of  alumina  plants,  and  aluminxan  fabrication 
plants;  potential  increases  in  loads  of  aluminum  pig  metal  plants  in  exeeaa 
of  requirements  of  existing  plants;  and  the  remainder  of  Large  Industrial 
which  includes  the  railroad  electrification. 

B.P.A. *s  estimate  for  small  Industrial  use  is  based  on  trends 
plus  a  detailed  study  of  the  Food  Processing  Industry.  For  Large  Industry 
the  total  requirements  are  based  on  reports  for  29  selected  Industries  and 
railroad  electrification.   Included  in  their  estimate  are  the  energy  re- 
quirements of  industries  irtilch  generate  all  or  part  of  their  own  energy 
requirements. 

The  F.P.C.  industrial  load  estimate  includea  increases  based  on 
the  adjusted  projection  of  past  trends,  plus  the  requirements  of  new  in- 
dustries iriiich  our  studies  Indicate  are  likely  to  locate  In  the  Pacific 
Northwest  as  the  result  of  the  region's  natural  resources,  partioularly 
the  availability  of  low-cost  power. 


For  the  states  of  Ifcishlngton,  Oregon  and  Idaho  it  is  estimated 
that  the  requirements  in  I96O  of  Industrial  consumers,  excluding  the  alis- 
Inum  Industry,  will  be  approximately  10. U  billion  kilowatt  hours  as  com- 
pared with  B.P.A. 's  estimate  of  I6.5  billion.  These  estimates  Include  the 
energy  generated  by  Industry  for  its  own  use  and  energy  requiresents  for 
railroads  and  railways.   B.P.A. *s  estimate  of  alumiaum  requlrementa  ex- 
ceeds the  F.P.C.  estimate  by  I7.6  billion  kilowatt  hours,  and  their  esti- 
mate for  total  industrial  use  is  almost  2k  billion  kilowatt  hours  higher 
than  F.P.C. 's.   In  view  of  this  great  difference  a  detailed  analysis  was 
made  of  B.P.A. *s  heavy  industrial  estimates* 

Heavy  Industrial  Loads 

The  industrial  development  in  the  Northwest,  more  than  in  any 
other  part  of  the  country,  is  dependent  upon  the  utilitation  of  low-cost 
hydroelectric  power.  Atomic  energy  may  some  day  supplement  the  region's 
hydro -generation  facilities,  but  nuclear  physicists  do  not  anticipate  the 
development  of  atomic  power  plants  cheap  enough  to  permit  production  of 
electric  energy  in  the  near  future.  Therefore,  for  the  period  covered  by 
this  study,  hydro-generated  power  will  probably  continue  to  be  the  North- 
west's basic  energy  resource. 

The  future  development  of  the  Northwest's  industrial  economy  will 
probably  be  deeply  influenced  by  the  fact  that  the  region's  power  supply 
during  the  next  few  years  will  be  inadequate  to  meet  normal  load  growth 
and  the  needs  of  new  large  power-consuming  industries  that  have  indioated 
a  desire  to  locate  in  the  area.  Since  any  curtailment  of  industrial 
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growth  would  result  in  fewer  employment  opportunities,  less  comineroe  and 
trade,  and  a  subsequent  lowering  of  the  region's  living  standard,  it  is 
pertinent  to  oompare  yarious  existing  azii  potential  Northwest  industries 
from  the  point  of  view  of  relative  power  consumption  per  wage  earner* 
Such  a  comparison  may  well  indicate  t;hat  a  too  rapid  expansion  of  heavy 
power-consuming  industries  could  impair  the  region's  economy  in  view  of 
the  outlook  for  additional  power* 

The  following  tabulation  shows,  for  a  number  of  existing  or  poten- 
tial Northwest  industries,  the  power  requirements  per  man-hour  and  the 
average  number  of  wage  earners  for  the  year  1959*  Since  then  technolog- 
ical changes  have  altered  these  figures,  but  not  to  an  extent  that  would 
change  their  relative  positions  in  the  table* 

Iwfa  per  Man-hour  and  Average  Annual  Number  of 
Wage  Earners  Employed  by  Selected  Industries 
in  the  United  States  -  1939' 


< 


Average  Number 

Kwh  per 

of  A age  Earners 

Industry  Group 

Man-hour 

for  the  Year 

Aluminum 

586.55 

2,617 

Magnesium 

h5k.55 

100 

Cement 

57.62 

23,801 

Forest  Products  -  Pulp  and 

Paper  Board 

31.14* 

I37.I4I5 

Rayon 

13.01 

i48.332 

Chemicals »  except  Rayon 

5.53 

361i.5l^ 

Food  and  Kindred  Products 

3*68 

78li,787 

Nonferrous  Metals  -  Fabricated 

Products  (Except  Alianinum  and 

Magnesium) 

3.25 

201,123 

Electrical  Machinery 

2*82 

256,1467 

Machinery,  except  Electrical 

1.95 

617,289 

Stoves,  Water  Heaters,  etc* 

(Nonelectric) 

l*U 

la.701 

Printing  and  Publishing 

1.37 

32U.535 

Furniture  and  Finished  Lumber 

Products 

1.03 

288,391 

Leather  and  Leather  Products 

•65 

327,663 

Apparel  and  Finished  Fabrics 

.27 

736,661 

Miscellaneous  Industries 

.92 

221,7li7 

6 


Sources  National  Resources  Planning  Board 
Industrial  Section 
Tables  Published  January  19l*3 
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It  will  be  noted  from  the  preceding  tabulation  that  aluminum, 
one  of  the  region's  largest  industries,  requires  a  much  larger  amount  of 
power  per  man-hour  than  any  other  industry  except  magnesium. 


It  is  evident  that  large-scale  expansion  of  heavy  power-consi 
ing  low-manpower  industries  during  that  period  when  the  power  supply  is 
critically  short  can  only  be  done  at  the  expense  of  low  power-consuming 
high-jnanpower  industries .  Since  the  region's  power  shortage  is  expected 
to  last  through  1951i>  new  capacity,  as  it  is  constructed,  should  be 
distributed  equitably  between  the  two  industry  groups.  If  the  heavy  powei^ 
consuming  group  over-expands,  the  region's  high  standard  of  living  will 
be  jeopardized.  The  manner  in  which  the  industrial  economy  develops 
during  the  next  few  years  will  be  felt  far  beyond  1955 >  for  it  is  quite 
probable  that  during  the  next  five  to  seven  years,  the  post-lbrld  liar  II 
pattern  of  industrial  expansion  will  have  crystallized. 

In  the  Northwest,  the  foregoing  circumstances  will  probably 
affect  the  development  of  heavy  power-consuming  industries  most  acutely. 
It  is  recognized  that  many  other  parts  of  the  Nation  are  also  experiencing 
power  shortages  that  will  tend  to  limit  their  industrial  expansion;  how- 
ever, it  is  believed  that  those  areas  which  rely  on  fuel-electric  power 
will  be  able  to  meet  increased  loads  sooner  than  those  areas,  such  as 
the  Northwest,  which  are  served  almost  exclusively  by  hydroelectric  plants. 
Consequently,  the  necessity  or  desirability  for  expanding  any  of  the  in- 
dustries in  this  group  in  the  immediate  future  will  probably  result  in 
their  location  in  areas  other  than  the  Northwest. 

Costs  of  power  from  fuel-electric  plants  constructed  in  areas 
where  low-cost  natural  gas  is  available,  may  be  competitive  with  costs  in 
the  Northwest,  particularly  when  consideration  is  given  to  availability  of 
raw  materials  and  distance  to  market.  The  aluminum  industry  for  exaaple, 
is  now  planning  the  installation  of  a  steam-electric  plant  in  the  Gulf 
Coast  area  of  Texas. 

For  this  reason  it  is  probable  that  during  the  next  several 
years  many  industrial  developments  planned  for  the  Northwest  will  be 
located  elsewhere.  Should  this  occur,  those  particular  developments 
must  be  regarded  as  lost  to  the  region — certainly  for  the  oeriod  covered 
by  the  market  study. 


In  the  preparation  of  its  power  market  study,  B.P.A.  has 
that  this  country  would  neither  become  a  direct  or  indirect  participant 
in  another  major  war  prior  to  I960,  nor  pass  through  another  economic 
depression.  However,  the  present  unsettled  international  situation  may 
well  shape  national  policies  which  will  affect  industrial  planning  for  the 
next  several  years.  Certainly,  from  the  point  of  view  of  national 
security  the  desirability  of  concentrating  any  major  industry  in  one  area 
of  the  country  is  questionable. 
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Ib  forecasting  the  possible  derelopment  of  existing  and  poten- 
tial Northwest  industries,  the  probably  iirpact  of  heavy  coirpetition  from 
other  regions^  which  are  closer  to  raw  iraterials  and  irajor  rarkets  and 
in  which  many  of  the  industries  in  question  are  f  inr.ly  established, 
should  not  be  underestimated.  For  example,  it  is  not  likely  that  the 
ferrous  metals  industry  as  a  whole  will  enjoy  great  expansion  in  the 
Northwest  because  of  the  rapid  growth  of  the  industry  in  Utah  and  Cali- 
fornia; the  history  of  the  highly  specialised  artificial  abrasives  indus- 
try would  suggest  that  a  minimum  of  further  decentralization  may  be  ex- 
pected in  the  near  future;  the  somein^at  specialised  phosphates  industry 
is  presently  established  in  California,  much  closer  to  the.  principal 
Western  market  centers;  and  it  is  anticipated  by  competent  Utah  state 
authorities  that  the  phosphate  fertilisers  industry  in  that  state  will 
share,  on  an  equal  basis  with  the  Northwest,  those  markets  accessible  to 
Western  producers* 

In  reviewing  the  B.P.A.*s  report  no  attempt  has  been  rade  to 
check  all  of  the  detailed  industrial  estimates*  It  appears  that,  with 
the  exception  of  primary  aluminum,  magnesium,  and  rayon,  the  minimum 
estimates  presented  are  sufficiently  in  line  with  past  trends  and  recog- 
nized possibilities  for  futiire  expansion  to  justify  their  adoption.  It 
should  be  observed  however  that  there  appears  to  be  some  inconsistency 
in  the  estimates  of  the  extent  to  which  aluminum  will  displace  competi- 
tive retals  in  the  future.  In  those  instances  where  future  displacement 
is  based  largely  on  existing  price  relationships,  it  cannot  be  assumed 
that  present  day  prices  are  definitely  indicative  of  future  ones,  for 
pricing  policies  can  be  radically  altered  by  new  sources  of  supply  or 
technologioal  developments,  to  mention  only  two  causes.  In  those  cases 
where  future  displacement  is  based  largely  on  curtailment  of  imports  of 
certain  metals*  the  intensified  development  of  domestic  sources  of  these 
metals  is  a  likelihood  which  cannot  be  discounted* 

There  are  considerable  differences  between  the  B.P.A.  and 
F.P.C.  estimates  for  the  future  development  of  primary  aluminxim,  prirary 
magnesium,  and  rayon  or  cellulose  acetate  products.  A  detailed  discus- 
sion of  these  differences  follows i 

Aluminum 

The  narked  variance  between  the  B.P.A.  and  F.P.C.  estimates  of 
the  i960  power  requirements  of  the  aluminum  industry  in  the  Pacific  North- 
west is  ocoasicned  in  part  by  differences  of  opinion  as  to  the  I960  na- 
tional market  and  in  part  by  different  assumptions  as  to  the  percentage 
of  the  national  marki^t  which  could  be  supplied  by  reduction  plants 
operating  in  the  region.  These  differences  in  approach  and  the  resulting 
estimates  are  discussed  below* 
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Estimated  I96O  National  Market 

B.P.A.  estiznates  that  the  I960  national  primary  aluminua  market 
will  be  between  1,696,000  and  2,679,000  tons.  On  a  minimiim  basis  this 
would  amount  roughly  to  an  increase  of  almost  175  percent  over  present 
production  and  nearly  350  percent  on  a  maximum  basis.  On  the  other  hand, 
F.P.C.  estimates  that  by  I960  national  demauid  for  primary  aluminum  under 
normal  conditions  will  amount  to  about  1,200,000  tons* 

B.P.A.  has  made  minimum  and  maximum  estimates  for  the  use  of 
aluminum  by  a  number  of  identified  markets  and  a  single  estisftte  for  "all 
other  markets".  The  I96O  national  requirements  of  the  identified  narkets 
are  estimated  between  635,000  and  1,902,000  tons.   The  future  requirements 
for  "all  other  markets"  are  estimated  to  be  1,250,000  tons  on  both  a  aaxi- 
mum  and  minimum  basis. 

The  minimum  estimates  of  the  identified  mrkets  appear  to  b« 
reasonable  and  have  been  accepted  by  the  F.P.C.  staff.  For  reasons  dis- 
cussed below  it  is  believed  that  these  minimxm  figures  are  not  likely  to 
be  exceeded  and  that  the  estimate  for  unidentified  industries  is  at  least 
60  percent  too  high. 

Building  Materials  and  Construction 

It  is  estimated  by  B.P.A.  that  these  markets  alone  could  unm 
between  I75  and  350  thousand  tons  of  aluminum  per  year  by  I96O.  These 
estimates  in  turn  are  based  on  the  assumption  that  the  19^46  rate  of  alumi- 
num consumption  by  these  markets  (estimated  at  175  thousand  tons)  will  be 
maintained  on  a  minimum  basis  or  doubled  on  a  maximum  basis  during  the 
coming  decade.  It  is  doubtful  that  this  will  be  the  case  in  view  of  the 
probability  of  a  considerable  easing  of  the  steel  supply  situation,  and  a 
steadily  increasing  use  of  synthesized  agricultural  derivatives. 

It  should  also  be  noted  that  the  extensive  use  of  aluminum  in 
residential  construction  has  encountered  considerable  deep-seated  con- 
sumer resistance;  in  industrial  installations,  aluminum  roofing  and  sid- 
ing is  being  used  primarily  as  a  substitute  for  steel.   As   familiar 
construction  materials  become  more  readily  available  and  as  new  ones  are 
placed  on  the  market,  it  is  likely  that  sons  of  the  present  uses  of  al\aml- 
num  will  diminish  rather  than  increase. 

Transportation  Equipment 

The  future  use  of  aluminum  by  the  automobile  Industry  has  been 
estimated  by  B.P.A.  at  11*3  to  69O  thousand  tons  per  year.  At  least  one 
of  the  economic  bases  for  these  estimates  is  questionable.   It  cannot  b« 
definitely  assumed  that  during  the  next  decade  the  cost  per  part  made  of 
aluminum  will  be  less  than  if  the  same  part  were  made  of  copper,  zinc  or 
some  other  metal.  The  use  of  aluminum,  for  automobile  bodies  is  not 
favored  by  the  industry;  wherever  this  application  of  aluminum  has  been 
made,  it  has  usually  reflected  a  steel  shortage  and  been  considered  a 
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substitute  for  that  metal.  It  is  possible  that  flexible  synthetic  plastic 
BK>ldings  will  be  used  in  automobile  bodies.   In  consequence  of  the  proba- 
ble use  of  competitive  materials,  and  a  relaxation  of  the  present  tight 
steel  situation,  the  use  in  I96O  by  the  automobile  industry  of  more  than 
II43  thousand  tons  of  aluminum  is  questionable* 

By  i960  B.P.A.  estimates  that  the  manufacture  of  trucks  and 
trailers  will  consume  IO3  to  l^U   thousand  tons  of  aluminum  annually  and 
that  the  fabrication  of  railroad  rolling  stock  will  use  25  to  l^k   thousand 
tons  per  year.  In  certain  phases  of  trucking  and  railroading,  rather 
costly  aluminum  alloys  nould  have  to  be  used  to  approach  the  ability  of 
steel  to  withstand  shock  loads.  On  an  economic  basis  in  such  instances 
the  use  of  aluminum  rather  than  steel  is  difficult  to  Justify.  The  pro- 
bability that  magnesium  alloys  will  compete  hearily  with  aluminum  in  the 
transportation  equipment  industries  when  the  use  of  either  metal  is  feasi- 
ble should  also  be  borne  in  mind.  In  consideration  of  the  foregoing,  as 
well  as  the  railroads*  deep-rooted  preference  for  steel,  B.P.A. 's  minimum 
estimated  use  of  aluminum  by  these  two  industries  is  believed  to  be 
optimistic* 

Displacement  of  Copper  by  Aluminum 

Following  a  trend  lAiich  has  already  become  quite  apparent,  it 
is  belieTed  by  B.P.A.  that  displacement  of  copper  by  aluminum  will  con- 
tinue at  a  greatly  accelerated  rate.  B.P.A.  estimates  that  this  market 
will  require  from  125,000  to  225,000  tons  of  aluminum  by  I96O.  Although 
a  considerable  substitution  of  aluminxim  for  copper  nmy  be  anticipated  in 
the  future,  the  degree  of  displacement  should  not,  it  is  felt,  be  based 
chiefly  on  the  basis  of  the  present  price  relationships  between  the  two 
metals*  In  their  discussion  of  this  matter  B.P.A.  recognises  that  as 
competition  beeosns  more  aoute  the  copper  industry  is  quite  likely  to  make 
its  pricing  policies  competitive.  It  is  doubtful  that  injurious  displace- 
rnsnt  will  get  under  way  before  remedial  action  is  taken  by  the  copper 
industry* 

Miscellaneous  Uses  for  Aluminum 

The  quantitative  importance  of  miscellaneous  uses  of  aluminum 
and  the  difficulties  in  estimating  the  potential  demands  of  this  elusive 
category  are  acknowledged.  B.P.A. 's  estimate  of  the  I96O  requirements  of 
miscellaneous  markets  amounts  to  66  percent  of  their  total  minimum  esti- 
mate for  all  feasible  markets.   In  1939  and  I9I1S,  miscellaneous  markets 
consumed  approximately  55  and  59  percent,  respectively,  of  all  aluminum 
used  in  this  co\mtry.  Although  new  uses  will  continue  to  be  found  for 
the  metal,  it  is  probable  that  the  miscellaneous  industries  market  will 
represent  a  lower  proportion  of  total  markets  in  I96O  than  in  19146  for 
the  following  reasons  1 


{ 
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5. 


Historically,  new  materials  are  subjected  to  extensive  misappli- 
cation for  some  time  after  they  are  first  placed  on  the  open 
market.  There  is  ample  reason  to  believe  that  aluminum  is  no 
exception  in  this  respect.  The  I93O  decade  and  the  war  years 
may  be  regarded  as  a  period  of  trail  and  error,  during  which 
aluminum  was  used  experimentally  in  the  manufacture  of  a  very 
wide  variety  of  products.  Even  prior  to  the  war  many  of  these 
uses  were  discontinued  as  being  commercially  unacceptable;  sub- 
sequent to  the  war,  notwithstanding  the  shortage  of  competing 
metals,  more  of  these  uses  have  proven  technically  or  commer- 
cially unfeasible.  As  the  general  materials  picture  becomes 
more  balanced,  the  particular  portion  of  this  market  which  is 
not  dependent  on  aluminum  for  technical  reasons,  will  become 
increasingly  competitive.  Experimentation  in  the  use  of  alusi- 
inum  will  undoubtedly  continue  as  long  as  the  metal  is  pro- 
duced and  improved;  however  now  that  its  basic  properties  and 
characteristics  have  become  more  generally  known,  the  most 
appropriate  fields  of  application  will  become  more  sharply  de- 
fined. Therefore  it  is  believed  that  by  I960  the  requirements 
of  the  identified  industries  will  have  expanded  more  rapidly 
than  those  of  the  miscellaneous,  unidentified  industries* 

In  I9I+6  an  indeterminate  but  large  quantity  of  aluminum  was 
being  used  as  a  substitute  for  other  materials  for  various 
reasons.  Such  markets  cannot  be  regarded  in  their  entirety 
as  permanent  ones* 

There  is  a  strong  possibility  that  many  new  uses  for  rarious 
materials  such  as  other  light  metals,  f^iass,  synthetic  plastics, 
and  chemically  treated  wood  will  compete  successfully  with 
aluminum  for  new  markets. 


The  factors  noted  above  su^frest  that  the  miscellaneous  uses 
market  in  I96O  is  more  likely  to  be  below  than  above  the  I9I16  percentage, 
Assuming  55  percent,  "all  other  uses"  would  then  represent  a  potential 
market  of  about  775  thousand  tons  of  aluminum* 
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The  following  tabulation  present!  a  comparison  of  the  B.PJk 
and  F«P«C«  I96O  estimates  of  national  markets  for  aluminximt 

i960  Estimated  Aluminum  Requirements 
(Thousands  of  Tons) 


B.PJL. 


Maximum 


Minimum 


Identified  Markets 
All  Other  Markets 
Total 

Less  Secondary  Aluminum 

Total  Primary  Aluminum 


1,902 


635 
189 


F.P,C. 

655 

775 
l.LTo 

169 


Estimated  I96O  NorthTwest  Production 

Of  all  the  major  metals  in  extensive  use  today,  aluminum  is  the 
most  dependent  upon  large  blocks  of  electric  energy  for  its  production* 
Because  an  abundant  supply  of  low-cost  power  was  made  available  by  the 
ecmipletion  of  the  Bonneville  system  at  the  time  when  the  national  demand 
for  aluminum  was  increasing  rapidly,  it  is  not  surprising  to  find  that 
the  Northwest,  notwithstanding  its  great  distance  from  sources  of  raw 
materials  and  markets,  was  selected  as  the  location  for  much  of  the  indus* 
try's  added  capacity*  As  a  result  of  several  circumstances,  today  this 
region  has  approximately  50  percent  of  the  total  United  States  primary 
aluminum  reduction  capacity*  In  round  figures  this  represents  a  reduction 
capacity  of  slightly  mo-re  than  3OO  thousand  tons  per  year  in  the  Northwest* 

The  future  expansion  of  this  industry  in  the  Northwest  will 
depend  on  a  number  of  factors  vdiich  are  discussed  in  B.P*A.*s  report,  in 
Part  II  of  this  review  report  and  in  the  following  pages* 

B«PJl*  has  estimated  that  the  Northwest's  feasible  primary 
aluminum  production  in  I96O  will  be  between  1,300  and  1,800  thousand  tonst 
F.P.C.  estimates  that  the  rate  of  production  for  the  same  area  will  be 
between  6OO  and  63O  thousand  tons*  As  previously  mentioned,  some  part  of 
this  variance  is  due  to  a  difference  in  the  two  agencies*  estimates  as  to 
total  national  requirements*  B*P*A.*s  estimates  indicate  that  the  addi* 
tional  capacity  needed  in  the  Nation  by  I96O  will  be  between  1,070  and 
2,050  thousand  tons  of  which  from  73  ^o  9^  percent  would  be  added  in  the 
Northwest.  The  F.P.C,  staff  estimates  the  increase  in  national  capacity 
to  be  approximately  600  thousand  tons  by  i960,  with  about  55  percent  in  the 
Northwest* 

B«P«A's  estimate  of  I96O  Northwest  production  appears  to  be 
based  very  largely  on  the  premise  that  sufficient  energy  will  be  available 
in  the  Pacific  Northwest  to  the  industry  when  it  is  required;  and  at  rates 
more  favorable  than  could  be  provided  by  any  other  area  of  the  country* 
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It  was  pointed  out  earlier  in  this  report  that  it  is  unlikely  that  sub* 
stantial  amounts  of  power  will  be  available  for  the  expansion  of  the 
aluminum  industry  before  I953  and  it  is  probable  that  the  amount  availabl* 
between  I955  and  i960  will  be  insufficient  to  meet  the  industry's  require- 
ments as  estimated  byB*P*A*  It  is  stated  in  B*P.A.*s  report  that  unless 
a  huge  hydroelectric  construction  program  is  started  in  the  near  futxire 
for  completion  by  195^,  "the  aluminum  industry  could  not  plan  sufficiently 
in  advance  all  of  the  expansion  that  is  possible  for  the  Northwest**  Suoh 
a  construction  program  would  probably  be  authorised  and  carried  out  only 
to  meet  a  national  emergency.  Should  such  an  emergency  present  itself, 
the  advisability  of  further  concentration  of  the  industry  in  the  region 
would  be  carefully  considered.  The  long  period  of  construction  reqfuired 
for  major  hydro  plants  would  also  be  an  important  factor* 

Althpu^  power  rates  in  the  Northwest  are  expected  to  reoHiiii 
at  relatively  low  levels,  the  present  cost  of  producing  power  from  gas-fired 
fuel  plants  in  the  Gulf  Area  does  not  differ  greatly  from  the  cost  of 
producing  power  at  new  sites  on  the  Columbia  River.  If  it  is  assumed  that 
new  aluminum  plants  built  in  the  Northwest  would  have  to  pay  the  cost  of 
constructing  incremental  capacity  on  the  existing  system,  the  industry's 
future  rate  would  be  considerably  higher  than  the  present  #17,50  per 
kilowatt-year*  Estimates  of  the  costs  of  completing  the  Columbia  River 
system  to  the  Army's  "first  level,"  an  addition  of  about  6M  million  kilo- 
watts of  firm  power,  indicate  that  the  annual  costs  of  this  increment 
would  be  approximately  |i26.U0  per  kilowatt  at  a  load  factor  of  90  percent* 
In  the  Gulf  States  area,  the  estimated  annual  cost  1/  of  power  produced 
by  a  steam-electric  station  using  the  area's  natural  gas  at.  7-1/2  £/oenta 
per  million  Btu,  and  assuming  private  financing,  is  125*70  per  kilowatt 
at  90  percent  load  factor*  Further  economies  can  be  effected  by  eliminat- 
ing conversion  losses*  Consequently,  it  is  well  within  the  range  of 
economic  feasibility  for  the  industry  to  locate  new  production  capaei^ 
in  the  Southern  area* 

Assuming  that  the  cost  of  power  in  the  Northwest  and  the  Gulf 
Area  will  be  competitive  in  the  future,  the  ability  of  the  Northwest  to 
provide  sufficient  energy  to  meet  the  aluminvmi  industry's  immediately 
anticipated  needs  becomes  the  major  factor  ^hich  will  determine  the  extent 
to  ihioh  the  region's  primary  aluminum  capacity  may  be  expanded  by  I960* 

Aside  from  the  foregoing  considerations,  the  opposition  of 
Northwest  business  interests  as  a  whole  to  the  expansion  of  the  alurainua 
industry  at  the  expense  of  other  industries  is  pertinent  to  this  discussion* 
Nor  can  the  possibilities  of  our  obtaining  aluminvun  from  the  expanding 
Canadian  aluminum  industry  be  neglected* 

1/  Based  on  January  19U8  costs * 

2/    Contracts  now  being  considered  for  sale  of  gas  to  California 

utilities  show  costs  at  Permian  Field  in  Texas  of  about  6 

cents  per  million  Btu* 
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In  consideration  of  the  seTeral  adTerse  faotors  noted  in  the 
preceding  pages «  It  Is  concluded  that  the  growth  of  the  Northwest's  alumi« 
num  Industry  will  oe  very  slight  until  1933*  Assuming  that  sufficient 
power  will  be  available  in  the  region  after  1955»  *  large  part  of  the 
aluminum  oapaoity  to  oe  built  between  then  and  I96O  may  be  located  in  th« 
Northwest  for  the  following  principal  reasons t  (l)  the  region  is  an 
established  major  producing  center t  (2)  the  industry  will  continue  to  be 
attracted  by  the  region's  low-cost  dependable  hydro  power  when  it  is  availa* 
ble. 

Accordingly,  it  is  estimated  by  the  F.P.C,  staff  that  by  1955 
primary  aluminum  capacity  in  the  Northwest  vill  have  reached  slightly 
more  than  2^00  thousand  tons,  and  that  by  I96O  the  region's  production 
rate  will  be  about  63O  thousand  tons  per  year.  The  I96O  figure  is  50 
percent  less  than  B.P»A«'s  minimum  estimate  and  about  65  percent  below 
their  maximxim  estimate* 

The  energy  requirements  for  this  estimated  expansion  of  the 
region's  aluminum  industry  would  be  approximately  12  billion  ki Iowa ct -hours 
per  year  by  I960.  This  is  12  billion  kilowatt-hours  less  than  B.P.A.'8 
minimum  I96O  estimate  of  2l|  oillion  kilowatt-hours  and  something  less  than 
25  billion  kilowatt-hours  below  their  maximum  estimate  of  3A.A8  billion 
kllofwat  t-hour  s 

Primary  Magnesiim 

Since  the  close  of  World  War  II  the  production  of  primary 
magnesium  has  ceased  entirely  in  the  Northwest*  The  region's  wartime 
peak  production  was  reached  in  19^3  with  an  annual  rate  of  about  2i4,000 
tons  or  50  percent  of  capacity.  B.P.A.  estimates  that  by  I96O,  Northwest 
production  of  primary  magnesium  will  be  between  6,000  and  25»000  tons 
per  year*  This  rate  represents  between  I4.  and  I5  percent  of  the  total 
i960  national  market  which  is  estimated  by  B*P*A.  at  150,000  tons  annually* 

Present  nonmilitary  demand  for  this  material  canaot  be  regarded 
as  a  criterion  of  future  nonmilitary  industrial  requirements  since  many 
presently  indicated  applications  of  magnesium  (primary  and  secondary)  are 
being  deferred  because  of  intial  tooling  or  re-tooling  vdiich  would  be 
involved*  Nevertheless,  considering  the  present  and  reasonably  contemplated 
used  of  magnesium  and  the  liklihood  of  a  very  rapidly  increasing  supply  of 
secondary  metal,  the  B.PJl.'s  estimate  of  the  I96O  national  primary  metal 
market  seems  to  be  disproportionate  to  that  for  other  metals* 

In  I9U5  approximately  90  percent  of  the  country's  magnesixan 
capacity  was  in  idle  government-owned  plants,  many  of  vihich  have  since  been 
sold  and  converted  to  other  purposes.  By  I9I46  only  two  privately  ov.ned 
plants,  located  in  Texas  emd  California,  ^ere  in  operation;  they  produced 
12,500  tons  of  primary  nagnesium.  At  the  end  of  19^7>  national  demand  had 
dropped  to  about  6,000  tons;  at  the  same  time,  privately  owned  capacity 
was  2^,000  tons*  It  has  been  estimated  "jj  that  future  demand  for  the  primary 

1/  Xheadoal  and  U^tallurgioal  Engineering, "  May  191*5 
and  Federal  Tariff  Commission,  May  V^hh* 
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metal  will  be  approxiinately  50,000  tons  ps^  year.  In  view  of  increasing 
military  requirements  this  estimate  is  probably  from  5*^  to  70  percent  lo«« 

Considering  the  prospect  of  a  future  m&rket  limited  to  30  to  50 
thousand  tons  annually,  greater  over-all  operating  efficiency  will  be 
achieved  by  concentrating  production  in  as  few  plants  as  possinle.  Kecently 
the  Northwest's  only  primary  magnesium  production  facility,  a  government- 
owned  electrolytic  plant  at  Spokane,  was  completely  acquired  and  converted 
by  private  operators  for  electrochemical  production.  It  appears  quite  unt- 
likely  in  "v^iew  of  general  market  limitations  and  high  production  costs, 
that  new  capacity  will  be  built  in  the  Northwest  by  I96O,  since  existing 
capacity  on  the  Pacific  Coast  can  more  than  haindle  any  reasonable  estimate 
for  Westam  demand  for  the  metal. 

In  view  of  the  ready  availability  of  magnesixim  from  tCestena 
sources,  and  the  conversion  of  the  Spokane  plant  to  other  uses,  it  is 
difficult  to  justify  the  operation  of  any  Northwest  facilities  to  produce 
that  relatively  small  quantity  of  the  material  necessary  to  serve  the 
region's  requirements.  Consequently,  it  is  believed  that  5,P».\,'s  minimum 
i960  production  estimate  of  6,000  tons  is  not  justified  and  the  F.P.C* 
review  report  includes  no  definite  allowance  for  magnesium  production  in 
its  load  estimates* 

It  is  undoubtedly  true  that  in  the  event  of  a  third  World  War, 
the  demand  for  primary  magnesium  would  far  exceed  tHe  30  to  50  thousand 
tons  previously  estimated  primarily  for  nonmilitary  Industrial  consumption* 
Should  war  become  iinmnent,  it  must  be  borne  in  mind  that  the  Spokane 
magnesium  plant,  now  converted  mainly  to  electrochemical  production  could, 
and  probably  would,  be  recaptured  by  the  government  for  nr.agnesium  productioUi 

The  uncertainties  of  this  line  of  reasoning  do  not  justify  fore- 
casting any  definite  magnesium  load;  however  it  should  be  noted  that  the 
present  use  of  this  plant  (electrochemical)  requires  an  energy  load  roughly 
comparable  to  that  j^ich  would  be  required  for  the  electrolytic  production 
of  magnesium  in  the  same  plant  at  an  annual  rate  of  12,000  to  2li,000  tons 
per  year*  Therefore,  it  may  be  considered  that  a  small  portion  of  the 
estimated  general  industrial  energy  requirements  for  I96O  is  available 
should  the  plant  be  reconverted  to  magnesium  production. 


Rayon 

It  is  assumed  by  B.P^A,  that  within  a  few  years  manufacture  of 
rayon  will  have  started  in  the  Northwest.  The  I96O  annual  rate  of  production 
forecast  by  B.P..ft.,  ranges  between  67,500  and  87,500  tons. 

Though  produced  by  very  few  rranufacturers,  this  industry  is  a 
highly  competitive  one,  vrtiich  has  always  operated  fairly  close  to  major 
market  centers.  The  industry  is  such  that  if  one  manufacturer  established 
West  Coast  rayon  production  facilities,  he  would  likely  be  followed  by  the 
majority  of  his  competition.  The  existence  of  three  or  four  rayon  plants 
on  the  Pacific  Coast  to  serve  the  western  market,  would  limit  production 
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At  each  plant  to  such  an  extant  as  to  preclude  economically  feasible 
operation* 

The  recent  announcement  by  the  Du  Pont  Company,  of  their  intention 
to  operate  a  cellulose  acetate  products  plant  in  Oregon  is  consistent  with 
the  chemicals  industry's  policy  of  regionalizing  its  operations  insofar  at 
the  economics  of  production  will  permit*  It  is  highly  questionable  if  any 
of  their  projected  plant  capacity  will  be  devoted  to  rayon  production,  but 
much  more  likely  that  acetate  pulp  and  finished  acetate  products  such  as 
cellophane  and  synthetic  moulding  compounds  will  be  manufactured* 

Therefore,  although  it  is  felt  unlikely  that  rayon  will  be 
manufactured  in  the  region  by  I96O,  an  allowance  for  production  of  variouf 
other  cellulose  acetate  products  has  been  made  in  the  F*P,C,  review  report 
amounting  to  5ii»000  tons  in  I96O,  or  approximately  one-half  of  the  minimum 
figure  for  rayon  production  used  by  B.P.A.  The  energy  requirements  for 
this  rate  of  production  would  be  in  the  neighborhood  of  from  IBO  to  200 
Billion  kilowatt-hours  per  year*  B*P*A*'s  comparable  figures  are  375 
million  kilowatt-hours  per  year  on  a  minimum 'basis,  and  U90  million  killo- 
watt->hour«  on  a  maximum  basis* 
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